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From: Jeffrey H. Schwartz
Reply To: jeff@kelaassociates.com
To: Alexis Strauss/R9/USEPA/US@EPA; David Albright/R9/USEPA/US@EPA
Subject: Fwd: Two Items on Injection Wells in Maui
Date: 01/26/2010 11:13 AM
Attachments: 1-25-10 statement of objections, request for reconsideration and appeal - Maui Planning Commission.doc


Dailer et al, Marine Pollution Bulletin Article.pdf


Aloha Ms. Strauss and Mr. Albright,


There are two items we thought you should be aware of. 


1) The first is a petition filed today by the DIRE Coalition of Maui and Save
Kahului Harbor to request reconsideration and/or appeal of the decision of the
County Planning Director to grant the Department of Environmental Management a
Special Management Area exemption and an exemption from preparation of an
Environmental Assessment for the construction of two new injection wells (which
the county characterizes as "replacement wells") at the Wailuku-Kahului
wastewater treatment plant. We believe this demonstrates the intention of the
County Department of Environmental Management to keep injecting wastewater that
is below R-1 levels at Kahululi (as well as at Lahaina and Kihei). 


2) The second is a study (attached) that is soon to be published in Marine
Pollution Bulletin. This article definitively establishes the hydrologic
linkage between the injection well effluent in Lahaina and the algae growing in
near shore waters that is so harmful to Maui's reefs. The study goes so far as
to permit mapping of the injection well plume as it emerges from groundwater
and enters near shore ocean water.  In press: Dailer, M.L., et al. Using
&#948;15N values in algal tissue to map locations and potential sources of
anthropogenic nutrient inputs on the island of Maui, Hawai‘i, USA. Marine
Pollution Bulletin (2010), doi:10.1016/j.marpolbul.2009.12.021. 


In our view, the latter (as well as the former) presents important enforcement
issues for EPA and the State of Hawaii, because for each facility it is now
clear that the effluent is being discharged into the ocean through the wells
(via groundwater) without NPDES permits. We hope you will call these materials
to the attention of your colleagues in the Water Enforcement Branch.  We would
be interested as to their views on whether, under applicable case law, the
Clean Water Act point source pollution discharge prohibition without an NPDES
permit applies to discharges to waters that are hydrologically connected to
surface waters (such as the ocean), which are "waters of the United States"? 


We appreciate the opportunity to present this information, and wanted to close
by asking whether you have ever received a follow up letter from the Mayor or
the Department of Environmental Management after our December 8 meeting with
them on Maui? We have received no response to date to our follow up letter. 


All the best, 
Jeff Schwartz 
for the DIRE Coalition
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DIRE Coalition: Don’t Inject, RE-direct . . . because the situation is dire.



Statement of Objection, Request for Reconsideration, and/or



Appeal to Maui County Planning Director and Planning Commission



Re Item SMX 2009-0361: SMA Exemption for Kahului Injection Well Replacement



1-25-10 – Corrected 10:30 a.m.


Petitioners: This statement of objection, request for reconsideration, and/or appeal to the Maui County Planning Director and Planning Commission is filed by and on behalf of the DIRE Coalition and Save Kahului Harbor.


· The DIRE Coalition is a nonprofit coalition of Maui-based organizations, residents, and visitors who are working together to protect the coral reef, coral reef ecosystems, and ocean water quality (and the associated ecological and economic benefits to Maui of healthy coral reef ecosystems and high quality ocean waters).  We do this by gathering information; educating the public and policy makers; assessing current federal, state, and county public policy frameworks for ocean and coral reef protection; and advocating for reduction and elimination of wastewater injection and the proper treatment, reclamation and redirection of these waters for beneficial reuse on land. Our membership includes a variety of Maui-based environmental stewardship and conservation organizations, individual citizens, taxpayers, and residents of Maui, including owners and leaseholders of property in or near the coastal area, recreational users of these waters, those whose livelihood depends on a healthy coastal ecosystem and clean waters, and visitors to Maui.


· Save Kahului Harbor represents nearby residents, recreational users (including paddlers and surfers), fishermen, and others whose property values, recreation, livelihoods, and well-being depend on the health of the water of Kahului Harbor and the adjacent ocean. Save Kahului seeks to balance Kahului, Maui Harbor use in a way that benefits the residents of Maui and advocates for Harbor use which is of greatest benefit to the residents. 


Subject Matter: Item SMX 2009-0361-- This filing concerns the decision of the Maui County Director of Planning to accept/approve an SMA “minor exemption” requested by the Environmental Management Department of Maui County for the drilling and/or operation of two new wastewater injection wells at the Wailuku-Kahului Wastewater Reclamation Facility. 



Re:  SMX 2009-0361



Special Management Area Assessment and Shoreline Setback Area Assessment for Replacement of Two Injection Wells and Appurtenant Utilities at the Wailuku-Kahului Wastewater Reclamation Facility, Kahului, Island of Maui, Hawaii, Tmk: (2) 3-8-001:188



Overview/Requested Relief: This petition (1) states the bases for petitioners’ objections to the action of the Director of Planning in accepting or approving the above SMA “minor exemption,” (2) requests the Director of Planning to reconsider this action and on reconsideration deny the requested SMA “minor exemption,” and, (3) if the Director of Planning denies our request for reconsideration and reversal of his decision on this matter, appeals the decision of the Director of Planning to the Maui Planning Commission and requests the Commission to reverse that decision. 


DIRE Coalition, 310 Piliwale Rd., Kula, HI 96790 – 808-878-1413



We request that all applicable SMA requirements and conditions be met before any permit or exemption is granted for the proposed project. In addition, petitioners request a public hearing on this matter and the preparation of an Environmental Assessment (EA) before any approval of the planned construction of the new injection wells at the Wailuku-Kahului Wastewater Reclamation Facility. In addition, we request the opportunity to make a supplemental submission in support of this petition, request for reconsideration, and appeal within 30 days to provide additional supporting documentation.  Finally, petitioners note that we may be willing to withdraw this petition, request for reconsideration, and/or appeal in whole or in part if we can meet with leaders of the Department of Environmental Management and the Planning Director in a meeting open to the public and negotiate a mutually satisfactory resolution of the concerns raised here. 



Bases for Objection, Request for Reconsideration and/or Appeal: Petitioners hereby provide a brief summary statement of the bases for this petition, request for reconsideration, and/or appeal.


1. The Planning Director’s December 21, 2009 Letter to the Chief of the Wastewater Reclamation Division erred in finding that the project would entail “no increase in capacity”.  (p. 2, para. 2) [hereinafter referred to as the Planning Director’s Decision Letter or PDDL]


A. The Planning Director’s Decision Letter acknowledges that IW#1 and IW#2 “have declined in capacity due to age.” (p. 2) See also p. 5, para.5, in which the PDDL says that the injection wells to be replaced evidenced “declining performance.” 


B. In 2007, CH2MHill reported “that based on the maximum theoretical injection rates . . . Wailuku-Kahului does not meet the UIC [underground injection control] criteria of total injection capacity being twice the rated plant capacity.” CH2MHill Report, “Countywide Injection Well Rehabilitation Assessment,” p. 7.  



C. The PDDL acknowledges that the “purpose of this project” for which the minor exemption is claimed is “to bring the [Wailuku-Kahului] WWRF into compliance with its Department of Health Underground Injection Control permit . . . in order to provide 100% backup capacity. . .” (p. 2, para. 3) 


D. The PPDL further finds that IW#1 and IW#2, having “reached their design life . . . have been abandoned and are not now being used.” (p. 2, para. 3). [See objection #2, in which petitioners’ demonstrate that this finding is in error and that IW#1 and IW#2 have not been abandoned as of December 21, 2009 when the Planning Director’s decision was issued.]


E. Nonetheless, for all practical purposes IW#1 and IW#2 clearly have very substantially lower current wastewater carrying capacity remaining that would the proposed new wells.  



F. The County DEM proposes to construct entirely new wells with new useful life of at least 10 more years, and perhaps many decades. See:  http://www.ppfahome.org/pvc/faqpvc.html.  This will permit the disposal into the environment of over 7 billions of gallons of wastewater that does not meet R-1 standards over the conservative useful life of the new wells. [see objection #5 below.]  It does not appear, however, that the DEM or the Planning Director has calculated or considered how many billions of gallons will be carried into the environment by these two new injection wells over their useful life. This is a calculation that should have been performed and published as part of an EA [see objection # 3 below] and discussed in public hearing [see objection #7 below]. 


G. If the new injection wells at Kahului would not increase the overall capacity of the plant to dispose of wastewater, then how will building them help meet the shortfall in capacity that Kahului claims to be facing now? The reality is that Kahului’s injection well overflow capacity is below that which is required because, as the PDDL stated, two existing wells are not working as intended.  The PDDL in effect acknowledges that the construction of the new wells will substantially increase the capacity of the plant to discharge wastewater through injection wells when in paragraph 9 on p. 6 it states that the proposed action will bring the “overflow capacity to 100% from the current 50% overflow capacity”. It is apparent that construction of these two new wells would have both the purpose and effect of significantly increasing the capacity of the Kahului plant to inject wastewater for at least a decade, perhaps for two or three decades  (just as IW#1 and IW#2 have operated).  Thus, the PDDL errs in relying on the DEM’s claim in the Declaration of Exemption that the new wells “will have substantially the same . . . capacity . . . as the structure replaced” and that there will be “little or no increase in capacity.” 


2. The PDDL further erred in finding on December 21, 2009, that “Both wells [IW#1 and IW#2 at Kahului] have been abandoned and are not being used.”(p. 2, para. 2) 


A. This finding in the PDDL is clearly contradicted by a later finding in the PDDL that “DEM has planned to abandon the two existing wells” (p. 3, para 6); by the so-called “Minor Exemption” application filed by DEM on October 7, 2009, which states, “The existing wells will be abandoned” (p. 3); and by the UIC Permit Application certified as “true, accurate, and complete” by the DEM Director on October 22, 2009, which states “March 2011” as the “anticipated date of abandonment work” for IW#1 and IW#2 at Kahului. 



B. The abandonment of IW#1 and IW#2 is not a binding commitment by the County.  It is simply stated as “anticipated” to occur in March 2011. Nor does the PDDL require abandonment of these wells as an enforceable condition of the Minor Exemption. The PDDL itself is internally inconsistent as to whether these two wells are operational or not. Thus, it seems possible that IW#1 and IW#2 could in fact continue to operate for more than a year from now (and perhaps even much longer). 


C. Because the PDDL does not mandate the abandonment of these two wells, it is at least theoretically possible that these two older wells will not be abandoned in 2011 as currently “anticipated” (and may be used in the future in addition to the new wells).  This possibility exacerbates petitioners’ concerns about the error of the “no significant increase in capacity” finding. 



3. The PDDL erred in finding that granting this Minor Exemption ”will not cause substantial environmental impact” and in exempting the proposed action from the State requirement for preparation of an EA that would have examined this very question. 


A. The last time an EA was prepared for the modifications to the Wailuku-Kahului WRF SMA area was 2001. http://gen.doh.hawaii.gov/Shared%20Documents/EA_and_EIS_Online_Library/Maui/2000s/2001-08-23-MA-FEA-WAILUKU-KAHULUI-WASTEWATER.pdf  


B. Although the 2001 EA found “no significant impact”, it did not consider changes or additions to the wastewater injection wells at the facility (see the description of the project being assessed in 2001 at pp. 3-7 of that EA). Nor did the 2001 EA include an analysis of the water quality of Kahului harbor and bay, whether applicable water quality standards were being attained or not in this area, or what the impact of discharges to and from those wells is on the water quality of the Kahului harbor and bay. See for example, pp. 15 and 25 of the 2001 EA.  



C. Therefore, the PDDL erred in relying in part on the “Final Environmental Assessment Review meeting” that was held in 2001 in finding “no substantial environmental impact,” in granting this SMA Minor Exemption, and  in granting an exemption from preparation of an EA on this proposed project. (see PDDL, p. 2 and p. 4, para. 12) 


D. What’s more, since 2001 much has changed, and much has been learned that is not considered in the DEM’s application or in the PDDL determination and that should have been evaluated and discussed in an EA of this proposed project. For example: 


i. It is now known that the waters of Kahului Harbor and Bay are already “impaired.” This means that applicable water quality standards are “not attained” for fecal bacteria (as indicated by enterococcus) as well as for nutrients (include total nitrogen, nitrite-nitrate nitrogen, and ammonia-nitrogen), chlorophyll-a, and turbidity in Kahului Harbor/Bay. See the 2006 State of Hawaii Water Quality Monitoring and Assessment Report, Chapter IV, p. 24. http://hawaii.gov/health/environmental/env-planning/wqm/wqrev.html/wqm.html/2006_Integrated_Report/2006_Chapter_IV_Assessment_of_Waters.pdf. See also the reported October 2009 level of 64.00 for enterococcus in the waters of Kanaha beach near Kahului Bay. http://www.surfrider.org/MAUI/enterodata.htm


ii. It is now known that constituents of injected sewage effluents are reaching near shore recreational waters in the vicinity of the injection wells.  The algal tissue ratio of stable isotopes of nitrogen, expressed as % δ15N values, has been used globally to detect sources of anthropogenic N in coastal environments.  The University of Hawaii, Botany Department scientists surveyed the Maui Island coastline and  reported, “All surveys and deployments in this study detected highly elevated algal δ15N  signatures (17.8‰ to 50.1‰) in areas proximal to WWRFs with Class V sewage injection wells, demonstrating that the injected effluent from the WWRFs in Lahaina, Kihei and Kahului flowed into the nearshore marine environment.”  In press : Dailer, M.L., et al. Using δ15N values in algal tissue to map locations and potential sources of anthropogenic nutrient inputs on the island of Maui, Hawai‘i, USA. Marine Pollution Bulletin (2010), doi:10.1016/j.marpolbul.2009.12.021


iii. There is now on the record testimony from Alan Arakawa, the former Mayor of Maui (himself a former employee at the Wailuku-Kahului WRF), that “I know that, in Kahului, the water goes into the injection well, it comes out almost immediately at the ocean side. We can even see traces of it bubbling up almost as a stream.” (Nov. 6, 2009) http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/1345E.pdf, p. 81. 


iv. It is now known that the injection well wastewaters on Maui (including Kahului) are not subject to rigorous treatment to remove algae-promoting nutrients, are not subject to prior UV disinfection, and do not meet R-1 standards. Save Kahului Harbor has reported anecdotal data from those paddling in the waters outside wastewater wells of increased number of frequent staph infections. We have similar testimony from surfers near the Lahaina wastewater injection wells of repeated staph infections when surfing there, but not when surfing elsewhere and that “It’s gotten worse over the last 15 years.” See: http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/EPA-hearing-transcript.pdf (testimony of Andrew Lehmann).   And we know that MRSA hospitalization rates have been rising in Hawai’i and are particularly high on Maui (increasing noticeably since 2001). See: http://hhic.org/mrsa.asp,   


v. It is now known that serious ecological harm can and does result from release of excess nutrients into marine environments. See the extensive bibliography documenting these concerns in the DIRE Coalition’s testimony at the August 20, 2009, EPA Hearing, Appendix 1, which we hereby incorporate by reference. http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/DIRE-testimony-submission-hearing.pdf, pp. 11-12, 20-32. 


vi. It is now known that the injected wastewaters at the Wailuku-Kahului WRF are not subject to UV treatment to disinfect them from bacteria and other pathogens and do not meet R-1 standards. See: http://www.state.hi.us/dlnr/cwrm/planning/hwrsr2005.pdf  Also, it is now known that “the overflows designed to release excess flow during rains also release pathogens and other pollutants (USEPA 2004).” See: http://www.chec.pitt.edu/Exposure_concentration_of_Xenoestrogen_in_pharmaceutical_and_Municipal_Wastewater__Final8-28-07%5B1%5D.pdf, p. 4


vii. It is now known that wastewaters that receive only primary and secondary treatment (such as those injected into the wells at WKWRF) contain a wide range of pharmaceuticals, antibiotics, toxic substances, hormones and other endocrine disrupting chemicals, and other substances potentially harmful to human health and the environment. See Appendix A to this petition for a select bibliography of this literature, most of which has been published since 2001.  



viii. It is now known that fish exposed to wastewater containing endocrine disrupting chemicals have been demonstrated to actually suffer endocrine disruption. See: http://toxics.usgs.gov/highlights/wastewater_fish.html


ix. It is now known that toxic substances (such as lead and other environmentally harmful, persistent heavy metals) used in stabilizer additives to PVC pipe (which is proposed to be used in this project) can leach out of the pipe and into the waters that they carry into the environment. See:   http://ase.tufts.edu/gdae/Pubs/rp/Economics_of_PVC_revised.pdf, and http://www.examprep.org/NewsDetail.aspx?fn=PVC%20May%20Increase%20Lead%20Leaching.  (It is worth noting that this concern was not at all discussed in the 2007CH2MHill study on which the Department of Environmental Management and the PDDL relies in part.) 



x. It is now known that the County has sent landfill leachate to the Wailuku-Kahului plant and that at least some of the constituents of this leachate (including all kinds of chemical, biological and other substances not normally found in wastewater) may be entering the wastewater effluent, and presumably reaching Kahului Harbor and Bay. See: http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/1345E.pdf, pp. 12-13.


xi. It is now known that global climate change may bring serious consequences for low-lying areas like the Kahului SMA. “Among the effects of climate change are "sea-level rise, increasing water temperatures, rising storm intensity, coastal inundation and flooding from extreme events, beach erosion, ocean acidification, increased incidences of coral disease, and increased invasions by non-native species." See: http://www.starbulletin.com/editorials/20090617_Global_warming_threat_looms_large_over_Hawaii.html 


There is much more that has come to be known since the 2001 EA. Contrary to what may be implied by the opening sentences of paragraph 12 of the PDDL, the types of information and factors described above were not considered in the 2001 EA. They are not discussed in the application from the DEM.  Most importantly, these factors appear not to have been considered before issuing the PDDL determination of “no substantial environmental impact.” Failure to consider this new information and these new factors demonstrates that the PDDL erred in concluding that there will “no substantial environmental impact” resulting from the project in question and that no new EA is necessary. The very purpose of an EA is to gather this type of information and consider these kinds of factors.


4. The foregoing new information raises significant concerns in light of federal, state, and county CZM and Special Management Area (SMA) legislation, rules, programs, goals, objectives and plans, including the State Constitution’s Article XI and Maui County’s stated “Coastal Zone Management Goals and Objectives.” In our view, the PDDL errs in failing to find or ensure that the proposed action is affirmatively consistent with these federal, state, and county CZM and SMA requirements, policies, plans, goals and objectives, fails to consider the impact of the decision on the future of wastewater reclamation and reuse, and in fact violates Art. X1 of the State constitution. 


A. State CZM policies at HRS, §205A-2 (c) include providing adequate, accessible, and diverse recreational opportunities in the coastal zone management area by 1) ensuring public recreational uses of county, state, and federally owned or controlled shoreline lands and waters having recreational value consistent with public safety standards and conservation of natural resources; and 2) adopting water quality standards and regulating point and nonpoint sources of pollution to protect, and where feasible, restore the recreational value of coastal waters. Petitioners maintain that the PDDL fails to show consistency with the foregoing enforceable policy provisions, specifically failing to demonstrate that the decision is consistent with public safety, conservation of natural resources or compliance with state water quality standards. (The waters of Kahului Harbor and Bay are classified by the state as Class A, thus designating their recreation use as critical.)



B. The State Coastal Zone Management Program, which has delegated SMA responsibility to the counties (i.e., responsibility for Special Management Areas), is not merely focused on limiting or preventing pollution increases. It is also about “enhancing” and “improving” the coastal zone and reducing pollution. See HRS, Chapter 205A and the regulations and guidelines, CZM Program, policies, and Ocean Resources Management Plan (ORMP) intended to implement Chapter 205A, including those listed in Appendix B of this petition, and the 1990 Hawai’i State CZM Program. See: http://hawaii.gov/dbedt/czm/program/doc/1990_czm_program_doc.pdf  For example, the ORMP specifically calls out the need “To improve coastal water quality by reducing land-based sources of pollution and restoring natural habitats. . . . Existing efforts to reduce land-based sources of pollution from all land uses must be continued and strengthened with targeted assistance in priority watersheds.” [Emphasis added]. http://www.state.hi.us/dbedt/czm/ormp/reports/ormp_2006.pdf, p. iii. The impaired waters of Kahului Harbor have been identified by the DOH as the terminus of a priority watershed. 


C. Moreover, the Hawai’i state constitution requires that state and county governments treat the waters of Hawai’i as a public trust: “All public natural resources are held in trust by the State for the benefit of the people.” Art. XI, sec. 1. This provision has been held by the Hawai’i Supreme Court to be applicable to the counties as well as the state, and this would be particularly the case in the exercise of delegated state CZM authorities.    Petitioners maintain that the PDDL neither considers, nor is consistent with, the provisions of Art. XI of the Hawai’i state constitution, particularly sections 1, 7, and 9. http://www.state.hi.us/lrb/con/conart11.html 


D. Maui County’s CZM Goals and Objectives – although not as strong as the State’s CZM Program -- use the words “enhance” and “restore” to indicate a need for affirmative action to make the coastal environment and user experience better.  This is particularly imperative in SMA areas and where existing conditions are substandard – as is the case with the “impaired” waters of Kahului Harbor and Bay. 



E. The Administrator of the Hawai’i Division of Aquatic Resources, Dan Polhemus, in a letter to EPA Region 9 has stated quite clearly, ““We would like to see permit conditions set to encourage less wastewater injection and more reuse.” (p. 3) See: http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/DIRE-testimony-submission-hearing.pdf 


F. Hawai’i Administrative Rules, 11-62-01 states in part, “The [state] department of health seeks to advance the use of recycled water and wastewater sludge consistent with public health and safety and environmental quality. The department of health acknowledges that when properly treated and used, all recycled water and wastewater sludge are valuable resources with environmental and economic benefits and can be used to conserve the State's precious resources. The director acknowledges that the most highly treated recycled water and exceptional quality wastewater sludge can be used for a wide variety of applications with the appropriate restrictions when best management practices and other requirements of this chapter are met.” See: http://oeqc.doh.hawaii.gov/sites/har/AdmRules1/11-62.pdf 


G. Similarly, the Mayor of Maui, Charmaine Tavares, on May 22, 2009, announced a goal of “ending wastewater injection and reusing all the water.” See: http://www.lahainanews.com/page/content.detail/id/500117/EPA-takes-testimony-on-West-Maui-injection-wells.html?nav=19 


H. The proposed action does not “encourage less wastewater injection,” or move closer to the Mayor’s goal, or further the Goals and Objectives of the CZM law, regulations, or SMA provisions. Quite the reverse. The action appears to deepen the County’s commitment to continued wastewater disposal at Kahului instead of promoting better more stringent treatment, reclamation and beneficial reuse of the water on land. Nor does the PDDL mention or appear to consider the state constitutional requirements; the federal and state CZM laws, regulations, policies, Program, and plans; or the county CZM policies, goals and objectives. Thus, it appears that the PDDL erred in failing to consider the extent to which these federal, state, and county CZM requirements, policies, plans, goals and objectives would be furthered or thwarted by the proposed project, particularly in light of the new information that has come to light since 2001 (discussed above in objection #3).


5. The PDDL erred in finding that “The proposed action will not result in cumulative impacts to the environment, nor will it involve a commitment to larger actions.” (p. 5, para. 6). The PDDL fails to adequately to consider the “cumulative impact,” “longer term commitment effects,” and precedential significance of this proposed project, as required by HRS, sec. 205A-22 et seq. See the guidelines of HRS, sec. 205A-26. http://www.capitol.hawaii.gov/hrscurrent/Vol04_Ch0201-0257/HRS0205A/HRS_0205A-0026.htm This is a concern  particularly in the context of the County’s plan to construct other new injection wells at Kahului – and Kihei and Lahaina,   


A. This “proposed action” is erroneously couched in the PDDL as a discrete and limited “improvements to components of the facility that is [sic] in need of replacement due to age and declining performance.” (p. 5, para. 5). 


B. However, the proposed project is just one part of a larger scheme. As Table 8 of the 2007 CH2MHill report demonstrates, these wastewater injection well replacements are to be followed by additional well replacements (three more wells in Lahaina in “Year 2”; and two more, one in Lahaina and one in Kihei in “Year 3”. Moreover, Maui County’s FY 2010 Capital Improvement Plan budget for 2011-12 shows that the County’s planned investment in beyond the $1.0 million for replacing IW#1 and IW#2 in 2010.  A total of $4 million dollars is budgeted for what is characterized as “Countywide Injection Well Rehabilitation” for 2011-12. See: http://co.maui.hi.us/documents/Environmental%20Management/Wastewater%20Division/Report%20No%2042%20WebSite.pdf, Attachment G – CIP for FY 2010, p. 2.


C. This is money that could be used to improve wastewater treatment and increase water reclamation and recycling. Instead, it is being spent in ways that deepen the County’s long-term commitment to wastewater disposal by injection. Moreover, not discussed in the PDDL is the effect of investing $4 million more dollars (i.e., creating more “sunk costs”) in the county’s current approach to wastewater management which involves over 75% disposal of wastewater through injection and less than 25% reclamation and reuse. This further investment would strengthen the County’s incentive to continue wastewater injection instead of reclaiming and reusing the water to help deal with the drought, reduce the use of potable water, and protect water quality and coral reef health. All this should have been discussed in the PDDL, but was not.   



D. The PDDL does not make any attempt to quantify the potential environmental impact of extending the years that injection of wastewater not meeting R-1 standards can continue at the Wailuku-Kahului WRF.  Even assuming that the new wells will have useful life spans of only 10 year – a very conservative assumption – and that each will have the capacity to carry about 1 million gallons of wastewater per day (i.e., 1/8th of the total 7.9 million gallons/day capacity of the plant), this could mean the potential to discharge into the coastal environment as much as:



·   2 million gallons/day of wastewater



·   730 million gallons/year of wastewater



·   7.3 billion gallons over 10 years. 



·   more than 200 pounds per day total nitrogen and more than 73,000 pounds per year of total nitrogen over 10 years. (Assuming an average total nitrogen concentration of 12 mg/L, the new injection wells will have the capacity to deliver this much nitrogen to the near shore water resources that are already reported as impaired due to excess concentrations of total nitrogen beyond that allowable under state water quality criteria.) 


E. None of these calculations or estimates (or any other quantitative calculations or estimates) of potential environmental discharge or impact were presented in the PDDL, in the application from the DEM, or in the 2007 CH2MHill report.  The potential environmental cumulative impact of these releases to the environment over the useful lifetime of the wells was apparently not evaluated, as it must be in a full-scale EA and to meet the requirements of the SMA process. 


F. Even a greater potential volume of inadequately treated wastewater would have to be considered in an accurate assessment of potential cumulative impact if the volumes of wastewater from the other new wells in Lahaina and Kihei were considered, as they ought to have been in a fair cumulative effect analysis. Nor was the precedential effect of the PDDL considered in the context of likely similar requests from the DEM for these other new wells that are planned. 



G. The PDDL seems to imply that it is not necessary to consider the volumes of wastewater that could pass through the new injection wells in Kahului, because these new wells will not be placed in use, but only will serve as backup capacity to meet applicable “criteria” or “requirements” of the County’s UIC permit at Kahului. (See PDDL, p. 5, paragraph 2: “The proposed replacement wells will serve only . . . as back-up wells to allow the existing WWRF to regain . . . emergency overflow capacity”.)  However, there is no enforceable condition or requirement of the PDDL that the new wells may only be used for this purpose. While finding that there would be “no intensification of use” of the wastewater injection wells at Kahului, the PDDL did not impose this as a binding and enforceable condition. 



H. This finding of “no intensification of use” is also open to question and cannot be substantiated on the record.  This is because neither the application nor the PDDL spells out what will actually happen when the new wells are built.  If IW#1 and IW#2 are taken out of service, will they be taken out permanently and formally abandoned? What standby wells will take their place and be put into operation? What is the capacity of those standby wells? If it is greater than the capacity of wells 1 and 2, won’t this increase the capacity and flow through of the injected wastewaters and result in “intensification of use” in fact? How will large rain events affect the use patterns of the new injection wells?  None of this is adequately discussed in the PDDL or supporting papers.


I.    Are the new injection wells at Kahului for which the County plans to spend over $1.0 million rarely to be used?  If so, the wisdom of the investment might fairly be questioned. If not, then the expected environmental impact of these new wells would likely be much greater than supposed in the PDDL. Were alternatives considered, such as negotiations with DOH to amend the UIC to permit time to move toward land-base recycling of the wastewaters in lieu of injection? It is not clear that any alternatives were considered. For all the foregoing reasons, the PDDL has erred and an adequate EA should have been performed and all requisite SMA requirements should have been satisfied. 



J.    Just as important as what the PDDL did find is what it did not find.  The PDDL did not find that there would be “no prolongation of use” of wastewater injection wells at this facility. It also did not find “no lifetime increase in wastewater releases to the environment.” Permitting the potential or actual prolonged use of wastewater injection at this facility by potentially many years and billions of gallons flowing into already impaired Class A waters can hardly be said, without an EA, to cause “minimum environmental impact.”  Without explanation, the PDDL fails to address the potential environmental effect of “prolongation of use” of injection wells at the Wailuku-Kahului WRF.


K. In the foregoing respects, the PDDL fails to satisfy applicable statutory and regulatory conditions and requirements for an SMA minor permit and/or minor exemption. 



6. The PDDL erred in failing to address the fact that the County is currently in violation of the Clean Water Act for discharging pollutants through the injection wells (a point source) through the injection well at Kahului into “waters of the US” without an NPDES permit, that the County has not applied for an NPDES permit for the discharges to and through the new (or the old) wells at Kahului into the ocean, and that County taxpayers could be at risk for millions of dollars given the Clean Water Act penalties.


A. See DIRE Coalition’s submission at the EPA Lahaina UIC hearing on this point, which we incorporate by reference. http://www.epa.gov/region09/water/groundwater/uic-pdfs/lahaina/DIRE-testimony-submission-hearing.pdf, pp. 13-16. 


B. Consider also the following additional cases that hold (or strongly support the view) that federal Clean Water Act jurisdiction applies to discharges to groundwater which is hydrologically-connected with surface waters that are “waters of the United States” under that Act: 



· McClellan Ecological Seepage Situation v: Weinberger, 707 F. Supp. 1182, 1193-94 (E.D. Cal. 1988) (holding that "waters of the United States" under the Clean Water Act does include hydrologically connected groundwater), reversed on other grounds, 504 U.S. 902 (1992). 



· Sierra Club v. Colo. Ref. Co., 838 F. Supp 1428 (D. Colo. 1993). 


· Wash. Wilderness Coalition v. Hecla Mining Co., 870 F. Supp. 983 (E.D. Wash. 1994).


· Friends of Santa Fe County v. LAC Minerals, Inc., 892 F. Supp. 1333 (D.N.M. 1995).



· Williams Pipe Line Co. v. Bayer Corp., 964 F. Supp. 1300 (S.D. Iowa 1997)



· Woodward v. Goodwin, No. C 99-1 103 MJJ, 2000 U.S. Dist. LEXIS 7642 (N.D. Cal. May 12, 2000).


· Idaho Rural Council v. Bosma, 143 F. Supp. 2d 1169, 1179-80 (D. Id. 2001).



· Northern California River Watch v. City of Healdsburg, 457 F.3d 1023, 496 F.3d 993 (9th Cir. 2007)



· Coldani v. Hamm, 2007 U.S. Dist. LEXIS 62644 (E.D.Cal. 2007)


· Hernandez v. Esso Standard Oil Co., 599 F. Supp. 2d 175 (D.P.R. 2009)



· Northwest Environmental Defense Center v. Grabhorn, Inc., 2009 WL 3672895 (D. Or., Oct. 30, 2009)



C. There is no discussion of this concern in the PDDL. Moreover, paragraph 6 of the PDDL makes clear that “the application [for the various exemptions for this project] was not sent to the Department of Health for review and comment” even though the DOH has been delegated by EPA the authority to issue NPDES permits. The PDDL’s rationale for not sending the application to DOH is entirely related to the UIC permitting authority of that agency, not to its NPDES permitting authority and responsibility. In failing to submit the application to DOH, the error of the PDDL is further compounded. 


7. The PDDL erred in concluding that adequate public notice and opportunity for public input on this project has been provided despite that this is one Maui County’s stated CZM Program Goals and Objectives – “Increase Public Awareness and Participation.”


A. Paragraph 12 of the PDDL states that “the effort to replace the failing wells has been pursued with the utmost community awareness and public participation”.  (p. 4) The petitioners’ respectfully, but strenuously, disagree with this conclusion. This statement does not square with the facts we present below. 


B. The DIRE Coalition has been a leading voice on Maui since 2008 for phasing out injection of inadequately treated wastewater from county and private facilities. www.dontinject.org.  Yet not once in this time have county officials notified, let alone consulted, DIRE Coalition on the Kahului injection well process, project, or SMA and EA exemption requests. Despite numerous meetings between responsible county officials and DIRE leaders on the issue of the future of wastewater injection wells on Maui, this topic was never raised, let alone discussed by these officials. Nor was any notice provided to the other petitioner, Save Kahului Harbor. It was not mentioned by the county in two public hearings before EPA on the Lahaina permit – one in 2008 and another in 2009. It was not mentioned in the Mayor’s testimony supporting phasing out injection wells at the August 20, 2009, EPA hearing. This project was not disclosed, let alone discussed, in any of the Community Working Group meetings on wastewater reuse and phasing out injection wells, even though the CWG has been meeting monthly since October 2009 when the DEM filed the papers requesting these exemptions.



C. We believe that the Planning Director erred in failing to ask the DEM to meet with potential opponents and discuss their concerns before taking action on the requested exemptions.


D. We now reiterate our request for a public hearing on the PDDL and related project before any final action is taken by the Planning Director or Planning Commission on the requested SMA minor exemption and exemption from preparation of an EA on this issue.  Petitioners’ request is absolutely in keeping with the County’s stated CZM Goals and Objectives, specifically to “Increase public awareness & participation” in decisions affecting coastal zone management and the protection of ocean resources. http://www.co.maui.hi.us/documents/Planning/Current%20Division/CZM%20Program/SMA%20Brochure.PDF  


8. Apart from the legal concerns raised above, we believe that important policy, practical, and fiscal concerns make reconsideration or appeal of the PDDL imperative. We maintain that the PDDL is not a wise exercise of discretion, and that is why we are asking the Planning Director to reconsider and reverse his decision -- and if he will not, appealing the PDDL to the County Planning Commission -- in light of the additional information presented in this petition. 


      We offer one illustrative point about the wisdom of the proposed action. The Kahului plant in question has an uncertain remaining useful life. The seas are rising. The land is sinking. Part of the plant is already falling into the ocean.  It is at great risk in case of a substantial tsunami. The plant is approaching 40 years old.  It is not clear how long the Kahului plant’s remaining useful life is. To invest in new replacement injection wells at this time in the face of this uncertainty could waste taxpayer money. Other alternatives should have been (and must be) explored.  There were, however, no alternatives considered in the PDDL. The exemption is not supported by appropriate cost-benefit analysis, or by an appropriate showing that this is an essential expenditure and that no alternative is available to prevent or manage the wastewater effluent that would be more beneficial for all the interests and concerns voiced in this petition. 



8. We are also requesting the opportunity to provide additional information (to elaborate   and further substantiate the points in this petition) that should be considered by the Planning Director and the Planning Commission.  


9. Finally, please note our willingness to meet and talk with DEM and PD in a meeting open to the public and to consider withdrawing our objections in whole or part if mutually satisfactory solutions can be negotiated. 



Signed: Ananda Stone, Elle Cochran, Hannah Bernard, Irene Bowie, Jeff Schwartz, Lucienne de Naie, Maury King, Rene Umberger, Robin Knox, Robin Newbold, Teri Leonard, and Tony Povalitis for DIRE Coalition; and Karen Chun for Save Kahului Harbor. 


Date: January 25, 2010. 



Appendix A – Select Bibliography of Chemical Contamination in


Wastewaters Not Subject to Tertiary Treatment


Barber, L.B., Lee, K.E., Swackhamer, D.L., Schoenfuss, H.L., 2007, Reproductive responses of male fathead minnows exposed to wastewater treatment plant effluent, effluent treated with XAD8 resin, and an environmentally relevant mixture of alkylphenol compounds: Aquatic Toxicology, v. 82, no. 1, p. 36-46, doi: doi:10.1016/j.aquatox.2007.01.003.


Brown, K, Pharmaceutically Active Compounds in Residential and Hospital Effluent, Municipal Wastewater, and the Rio Grande in Albuquerque, New Mexico (2004) -- http://www.unm.edu/~wrp/wrp-9.pdf 


Lazorchak, J., National Screening Survey of EDCs, including some Pharmaceuticals in Municipal Wastewater Treatment Effluents, EPA Report: EPA/600/R-04/171 APM 201-- 


http://www.epa.gov/ppcp/projects/survey.html 


Shappell, N., Estrogenic Activity in the Environment: Municipal Wastewater Effluent, River, Ponds, and Wetlands, J Environ Qual 35:122-132 (2006) – (including a lengthy bibliography of other studies and reports) http://jeq.scijournals.org/cgi/content/full/35/1/122 


Wright-Walters, M and Volz, C,  MUNICIPAL WASTEWATER CONCENTRATIONS OF PHARMACEUTICAL AND XENO- ESTROGENS: WILDLIFE AND HUMAN HEALTH IMPLICATIONS (including an extensive bibliography of the relevant literature) -- Proceedings of the 2007 National Conference on Environmental Science and Technology --   http://www.chec.pitt.edu/Exposure_concentration_of_Xenoestrogen_in_pharmaceutical_and_Municipal_Wastewater__Final8-28-07%5B1%5D.pdf 


Appendix B 


Hawaii Coastal Zone Management Act



State of Hawaii and County of Maui Objectives


			Resource


			County of Maui Goals and Objectives



http://hi-mauicounty.civicplus.com/index.aspx?NID=843


			State Objectives 



§205A-2 





			Recreational Resources 






			Provides coastal recreation to the public and protects coastal resources uniquely suited for recreational activities that cannot be provided elsewhere






			Provide c the public.



Provide coastal recreational opportunities accessible to the public





			Historic Resources 






			Protects, preserves, and restores Hawaiian and American cultural / historical resources 






			Protect, preserve, and, where desirable, restore those natural and manmade historic and prehistoric resources in the coastal zone management area that are significant in Hawaiian and American history and culture.









			Marine Resources 






			Implements the State's Ocean Resources Management Plan






			Promote the protection, use, and development of marine and coastal resources to assure their sustainability





			Scenic and Open Space Resources Protects


			preserves, restores, and improves the quality of coastal scenic and open spaces






			Protect, preserve, and, where desirable, restore or improve the quality of coastal scenic and open space resources





			Beach Protection and Accessibility






			Conserves open space, minimizes beach loss due to erosion, preserves public beach access, and protects beaches for public use






			Protect beaches for public use and recreation.









			Coastal Ecosystems 






			Minimizes adverse impacts and protects coastal ecosystems





			Protect valuable coastal ecosystems, including reefs, from disruption and minimize adverse impacts on all coastal ecosystems.









			Economic Uses






			Provides for coastal dependent facilities and minimizes their negative impacts 






			Provide public or private facilities and improvements important to the State's economy in suitable locations





			Managing Development






			Enhances and streamlines permitting / decision-making processes 






			Improve the development review process, communication, and public participation in the management of coastal resources and hazards.









			Public Participation


			Stimulates public awareness, education, and participation






			(A)  Promote public involvement in coastal zone management processes;



(B)  Disseminate information on coastal management issues by means of educational materials, published reports, staff contact, and public workshops for persons and organizations concerned with coastal issues, developments, and government activities; and



(C)  Organize workshops, policy dialogues, and site-specific mediations to respond to coastal issues and conflicts.









			Coastal hazard


			


			Reduce hazard to life and property from tsunami, storm waves, stream flooding, erosion, subsidence, and pollution.












Hawaii Coastal Zone Management Act 



§205A-22 



Development means 


 (1)  Placement or erection of any solid material or any gaseous, liquid, solid, or thermal waste;



(2)  Grading, removing, dredging, mining, or extraction of any materials 


(4)  Change in the intensity of use of water, ecology related thereto, or of access thereto; and 



(5)  Construction, reconstruction, demolition, or alteration of the size of any structure. 


provided that whenever the authority finds that any excluded use, activity, or operation may have a cumulative impact, or a significant environmental or ecological effect on a special management area, that use, activity, or operation shall be defined as "development" for the purpose of this part.



§205A-2  Coastal zone management program; objectives and policies.  (a)  The objectives and policies in this section shall apply to all parts of this chapter.



     (b)  Objectives.



     (1)  Recreational resources;



         (A)  Provide coastal recreational opportunities accessible to the public.



     (2)  Historic resources;



         (A)  Protect, preserve, and, where desirable, restore those natural and manmade historic and prehistoric resources in the coastal zone management area that are significant in Hawaiian and American history and culture.



     (3)  Scenic and open space resources;



         (A)  Protect, preserve, and, where desirable, restore or improve the quality of coastal scenic and open space resources.



     (4)  Coastal ecosystems;



         (A)  Protect valuable coastal ecosystems, including reefs, from disruption and minimize adverse impacts on all coastal ecosystems.



     (5)  Economic uses;



         (A)  Provide public or private facilities and improvements important to the State's economy in suitable locations.



     (6)  Coastal hazards;



         (A)  Reduce hazard to life and property from tsunami, storm waves, stream flooding, erosion, subsidence, and pollution.



     (7)  Managing development;



         (A)  Improve the development review process, communication, and public participation in the management of coastal resources and hazards.



     (8)  Public participation;



         (A)  Stimulate public awareness, education, and participation in coastal management.



     (9)  Beach protection;



         (A)  Protect beaches for public use and recreation.



    (10)  Marine resources;



         (A)  Promote the protection, use, and development of marine and coastal resources to assure their sustainability.



     (c)  Policies.



     (1)  Recreational resources;



         (A)  Improve coordination and funding of coastal recreational planning and management; and



         (B)  Provide adequate, accessible, and diverse recreational opportunities in the coastal zone management area by:



              (i)  Protecting coastal resources uniquely suited for recreational activities that cannot be provided in other areas;



             (ii)  Requiring replacement of coastal resources having significant recreational value including, but not limited to, surfing sites, fishponds, and sand beaches, when such resources will be unavoidably damaged by development; or requiring reasonable monetary compensation to the State for recreation when replacement is not feasible or desirable;



            (iii)  Providing and managing adequate public access, consistent with conservation of natural resources, to and along shorelines with recreational value;



             (iv)  Providing an adequate supply of shoreline parks and other recreational facilities suitable for public recreation;



              (v)  Ensuring public recreational uses of county, state, and federally owned or controlled shoreline lands and waters having recreational value consistent with public safety standards and conservation of natural resources;



             (vi)  Adopting water quality standards and regulating point and nonpoint sources of pollution to protect, and where feasible, restore the recreational value of coastal waters;



            (vii)  Developing new shoreline recreational opportunities, where appropriate, such as artificial lagoons, artificial beaches, and artificial reefs for surfing and fishing; and



           (viii)  Encouraging reasonable dedication of shoreline areas with recreational value for public use as part of discretionary approvals or permits by the land use commission, board of land and natural resources, and county authorities; and crediting such dedication against the requirements of section 46-6.



     (2)  Historic resources;



         (A)  Identify and analyze significant archaeological resources;



         (B)  Maximize information retention through preservation of remains and artifacts or salvage operations; and



         (C)  Support state goals for protection, restoration, interpretation, and display of historic resources.



     (3)  Scenic and open space resources;



         (A)  Identify valued scenic resources in the coastal zone management area;



         (B)  Ensure that new developments are compatible with their visual environment by designing and locating such developments to minimize the alteration of natural landforms and existing public views to and along the shoreline;



         (C)  Preserve, maintain, and, where desirable, improve and restore shoreline open space and scenic resources; and



         (D)  Encourage those developments that are not coastal dependent to locate in inland areas.



     (4)  Coastal ecosystems;



         (A)  Exercise an overall conservation ethic, and practice stewardship in the protection, use, and development of marine and coastal resources;



         (B)  Improve the technical basis for natural resource management;



         (C)  Preserve valuable coastal ecosystems, including reefs, of significant biological or economic importance;



         (D)  Minimize disruption or degradation of coastal water ecosystems by effective regulation of stream diversions, channelization, and similar land and water uses, recognizing competing water needs; and



         (E)  Promote water quantity and quality planning and management practices that reflect the tolerance of fresh water and marine ecosystems and maintain and enhance water quality through the development and implementation of point and nonpoint source water pollution control measures.



     (5)  Economic uses;



         (A)  Concentrate coastal dependent development in appropriate areas;



         (B)  Ensure that coastal dependent development such as harbors and ports, and coastal related development such as visitor industry facilities and energy generating facilities, are located, designed, and constructed to minimize adverse social, visual, and environmental impacts in the coastal zone management area; and



         (C)  Direct the location and expansion of coastal dependent developments to areas presently designated and used for such developments and permit reasonable long-term growth at such areas, and permit coastal dependent development outside of presently designated areas when:



              (i)  Use of presently designated locations is not feasible;



             (ii)  Adverse environmental effects are minimized; and



            (iii)  The development is important to the State's economy.



     (6)  Coastal hazards;



         (A)  Develop and communicate adequate information about storm wave, tsunami, flood, erosion, subsidence, and point and nonpoint source pollution hazards;



         (B)  Control development in areas subject to storm wave, tsunami, flood, erosion, hurricane, wind, subsidence, and point and nonpoint source pollution hazards;



         (C)  Ensure that developments comply with requirements of the Federal Flood Insurance Program; and



         (D)  Prevent coastal flooding from inland projects.



     (7)  Managing development;



         (A)  Use, implement, and enforce existing law effectively to the maximum extent possible in managing present and future coastal zone development;



         (B)  Facilitate timely processing of applications for development permits and resolve overlapping or conflicting permit requirements; and



         (C)  Communicate the potential short and long-term impacts of proposed significant coastal developments early in their life cycle and in terms understandable to the public to facilitate public participation in the planning and review process.



     (8)  Public participation;



         (A)  Promote public involvement in coastal zone management processes;



         (B)  Disseminate information on coastal management issues by means of educational materials, published reports, staff contact, and public workshops for persons and organizations concerned with coastal issues, developments, and government activities; and



         (C)  Organize workshops, policy dialogues, and site-specific mediations to respond to coastal issues and conflicts.



     (9)  Beach protection;



         (A)  Locate new structures inland from the shoreline setback to conserve open space, minimize interference with natural shoreline processes, and minimize loss of improvements due to erosion;



         (B)  Prohibit construction of private erosion-protection structures seaward of the shoreline, except when they result in improved aesthetic and engineering solutions to erosion at the sites and do not interfere with existing recreational and waterline activities; and



         (C)  Minimize the construction of public erosion-protection structures seaward of the shoreline.



    (10)  Marine resources;



         (A)  Ensure that the use and development of marine and coastal resources are ecologically and environmentally sound and economically beneficial;



         (B)  Coordinate the management of marine and coastal resources and activities to improve effectiveness and efficiency;



         (C)  Assert and articulate the interests of the State as a partner with federal agencies in the sound management of ocean resources within the United States exclusive economic zone;



         (D)  Promote research, study, and understanding of ocean processes, marine life, and other ocean resources in order to acquire and inventory information necessary to understand how ocean development activities relate to and impact upon ocean and coastal resources; and



         (E)  Encourage research and development of new, innovative technologies for exploring, using, or protecting marine and coastal resources. [L 1977, c 188, pt of §3; am L 1993, c 258, §1; am L 1994, c 3, §1; am L 1995, c 104, §5; am L 2001, c 169, §3]



 



PAGE  


13










Marine Pollution Bulletin xxx (2010) xxx–xxx



ARTICLE IN PRESS


Contents lists available at ScienceDirect



Marine Pollution Bulletin



journal homepage: www.elsevier .com/locate /marpolbul


Using d15N values in algal tissue to map locations and potential sources
of anthropogenic nutrient inputs on the island of Maui, Hawai‘i, USA



Meghan L. Dailer a,*, Robin S. Knox a,c, Jennifer E. Smith b, Michael Napier d, Celia M. Smith a



a University of Hawai‘i, Department of Botany, 3190 Maile Way, Honolulu, HI 96822, USA
b University of California San Diego, Scripps Institution of Oceanography, 9500 Gilman Dr. Mail Code 0202, La Jolla, CA 92083-0202, USA
c Water Quality Consulting, Inc., 728A Kupulau Drive, Kihei, HI 96753, USA
d Maui GeoSciences, 755 Kupulau Drive, Kihei, HI 96753, USA



a r t i c l e i n f o


Keywords:
d15N
Wastewater
Biological Nitrogen Removal
Clean Water Act
Algal blooms
Coral reefs
Injection wells


0025-326X/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.marpolbul.2009.12.021



* Corresponding author. Tel.: +1 808 221 2942; fax
E-mail addresses: dailer@hawaii.edu (M.L. Dailer),



hawaii.rr.com (R.S. Knox), smithj@ucsd.edu (J.E. Smith
Napier), celia@hawaii.edu (C.M. Smith).



Please cite this article in press as: Dailer, M.L.,
inputs on the island of Maui, Hawai‘i, USA. Mar


a b s t r a c t



Macroalgal blooms of Hypnea musciformis and Ulva fasciata in coastal waters of Maui only occur in areas
of substantial anthropogenic nutrient input, sources of which include wastewater effluent via injection
wells, leaking cesspools and agricultural fertilizers. Algal d15N signatures were used to map anthropo-
genic nitrogen through coastal surveys (island-wide and fine-scale) and algal deployments along
nearshore and offshore gradients. Algal d15N values of 9.8‰ and 2.0–3.5‰ in Waiehu and across the
north-central coast, respectively, suggest that cesspool and agricultural nitrogen reached the respective
adjacent coastlines. Effluent was detected in areas proximal to the Wastewater Reclamation Facilities
(WWRF) operating Class V injection wells in Lahaina, Kihei and Kahului through elevated algal d15N
values (17.8–50.1‰). From 1997 to 2008, the three WWRFs injected an estimated total volume of 193
million cubic meters (51 billion gallons) of effluent with a nitrogen mass of 1.74 million kilograms
(3.84 million pounds).



� 2009 Elsevier Ltd. All rights reserved.


1. Introduction



Anthropogenic nitrogen (N) loading to the nearshore marine
environment through sewage and fertilizer runoff are known to in-
crease primary productivity in coastal systems (Doering et al.,
1995; Taylor et al., 1999; Thornber et al., 2008). In extreme cases,
excess nutrient loading in coastal regions has resulted in the for-
mation and proliferation of large scale opportunistic macroalgal
blooms (Brittany France, Briand, 1989; Puget Sound Washington
USA, Thom and Albright, 1990; Venice Lagoon Italy, Sfriso et al.,
1993; Jamaica and southeast Florida USA, Lapointe, 1997; Paerl,
1997; Valiela et al., 1997; Ebro River Delta Spain, Menendez and
Comin, 2000; Ythan Estuary Scotland, Raffaelli, 2000; Kaneohe
Bay Hawaii USA, Stimson et al., 2001; Lapointe et al., 2005; Morand
and Merceron, 2005; Sacca di Goro Italy, Viaroli et al., 2005; south-
eastern Gulf of California USA, Pinon-Gimate et al., 2009). Ecosys-
tem impacts of large scale algal blooms include diminished water
column oxygen levels, negative effects on seagrass beds, fisheries
and benthic community composition and increased microbial
abundance (Barnes, 1973; Johannes, 1975; Smith et al., 1981;
Rosenberg, 1985; Burkholder et al., 1992; Zaitsev, 1992; Alber
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and Valiela, 1994; Morand and Briand, 1996; McCook, 1999; Raffa-
elli, 2000).



Sources of additional N entering the ocean are often difficult to
detect with many water quality assessment tools (ambient nutri-
ent and salinity measurements) because the ocean is a dynamic
environment where currents, wave activity and general mixing
events can rapidly dilute potentially elevated nutrient levels. Addi-
tionally biological uptake of nutrients may occur at rates similar to
input rates making the detection of nutrient flux extremely diffi-
cult. The United States Environmental Protection Agency (US
EPA) recommends the use of bioassays, biological and habitat data
in addition to chemical data for water quality assessments (US EPA,
2002). The use of natural stable isotopes of N (15N:14N, expressed
as d15N) to distinguish between natural and sewage derived N is
well established (see Risk et al., 2009 for a recent review) because
natural (atmospheric) and fertilizer N sources have generally low
signatures (ranging from 0–4 and �4 to 4‰, respectively, (Owens,
1987; Macko and Ostrom, 1994)). Sewage N is enriched in 15N be-
cause bacteria preferentially use 14N (Heaton, 1986) thereby ele-
vating sewage derived wastewater in 15N relative to 14N. The
extent of 15N enrichment in sewage is therefore dependant upon
on the level and type of treatment (i.e. the greater the denitrifica-
tion via bacterial activity the higher the d15N value). Consequently,
sewage derived d15N values in the literature from various sources
of sewage range from 7‰ to 38‰ (Kendall, 1998; Gartner et al.,
2002; Savage and Elmgren, 2004; summarized in Table 1).


l tissue to map locations and potential sources of anthropogenic nutrient
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able 1
acroalgal and source (when provided) d15N values from across the world in natural and anthropogenic nitrogen loading areas. Sources of anthropogenic N include shrimp farm effluent (SFE), spetic tank effluent (STE), percolation



onds (PP), wastewater (WW), sewage effluent (SE), wastewater treatment plant sewage effluent (WWTP SE), secondarily treated sewage effluent (2nd WWTP SE) and effluent treated with Biological Nitrogen Removal (BNR WWTP SE).



Algal species d15N
algae



d15N
source



N source Habbitat Location Country References



0.0 Atmospheric Nitrogen Natural Owens (1987)
0.0–3.0 Inorganic fertilizer Agriculture Owens (1987)



Cladophora sericea 0.2 Natural or Agriculture Brackish stream Honokohau Stream, Northwest Maui USA This study
Multiple genera 0.01–1.4 Natural Lava flow Keanae Point to Wainapanapa, Northeast Maui USA This study
Multiple genera 1.2–2.0 Natural Offshore reef Negril Marine Park Jamaica Lapointe and Thacker (2002)



1.3–3.7 Natural Coastal Narragansett Bay, Rhode Island USA Thornber et al. (2008), Chaves (2004)
Multiple genera 1.3–3.0 Agriculture Sandy beach Spreckelsville, North-central Maui USA This study
Acanthophora spicifera 1.4 Natural Estuarine Southwestern coast of Puerto Rico USA territory France et al. (1998)
Gracilaria vermiculophylla 1.4–5.4 2.1 Agriculture Coastal lagoon Southeastern Gulf of California Mexico Pinon-Gimate et al. (2009)
Asteronema breviarticulatum 1.5–2.0 Natural Basalt and Sandy beach Makahuna Gulch, South-central Maui USA This study
Multiple genera 1.8 Natural Offshore reef Golden Grotto, Green Turtle Cay Commonwealth



of the Bahamas
Barlie and Lapointe (2005)



Ulva fasciata 1.9 Agriculture Sandy beach Sugar Beach, South-central Maui USA This study
Ulva lactuca 1.9–3.9 Natural Nearshore reef Green Island Taiwan Lin et al. (2007)
Multiple genera 1.9–3.8 Natural Lava flow La Perouse, Southeast Maui USA This study
Hypnea musciformis 1.9–3.6 Agriculture Sandy beach Tavares Bay, North-central Maui USA This study
Catenella nipae 2.0 Natural Offshore Island Moreton Bay Australia Costanzo et al. (2004)
Dictyota 2.0 Natural Offshore reef Ishigaki Island Japan Umezawa et al. (2002)
Padina 2.0 Natural Offshore reef Ishigaki Island Japan Umezawa et al. (2002)
Enteromorpha intestinalis 2.3 Natural Nearshore reef Green Island Taiwan Lin et al. (2007)
Hypnea musciformis 2.8–4.1 Agriculture Sandy beach Hookipa Beach Park, North-central Maui USA This study
Catenella nipae 2.9 Natural Offshore island Moreton Bay Australia Jones et al. (2001)
Catenella nipae <3.0 Natural Offshore island Moreton Bay Australia Costanzo et al. (2001)
Laurencia intricata <3.0 Natural Offshore reef South of Florida Bay USA Lapointe et al. (2004)
Fucus vesiculosus 3.0–4.0 Natural Estuarine Himmerjarden Bay, South of Stockholm Sweeden Savage and Elmgren (2004)
Multiple genera 3.1 Basalt Kapalua, West Maui USA This study
Cladphora vagabunda 3.2–3.5 16% WW Loading Estuarine Sage Lot Pond Waquoit Bay, Massachusettes USA McClelland et al. (1997)
Hypnea musciformis 3.3–3.9 Agriculture Sandy beach Baldwin Beach Park, North-central Maui USA This study



3.8 Natural spring water Nearshore reef Ishigaki Island Japan Umezawa et al. (2002)
Asteronema breviarticulatum 4.0 Natural Lava flow Big Kiawe - Arches, Southeast Maui USA This study
Multiple genera 4.4–4.9 SE and Agriculture Sandy beach Maalaea, South-central Maui USA This study
Catenella nipae 4.0–7.3 SFE Estuarine Hinchinbrook Island Australia Costanzo et al. (2004)
Catenella nipae 4.0–11.3 WWTP SE Estuarine Moreton Bay Australia Costanzo et al. (2001)
Enteromorpha intestinalis 4.4–5.1 Natural Nearshore reef Dakwan Taiwan Lin et al. (2007)
Enteromorpha intestinalis 4.6–5.2 Natural Nearshore reef Nanwan Taiwan Lin et al. (2007)



>4.6 STE Tequesta monitoring
well #6



Southeast Florida USA Lapointe and Krupa (1995b)



Enteromorpha sp. 5.0 16% WW Loading Estuarine Sage Lot Pond Waquoit Bay, Massachusettes USA McClelland et al. (1997)
Multiple genera 5.0 Cesspools Basalt Waihikuli, West Maui USA This study
Acanthophora spicifera 5.3–6.0 SFE Nearshore reef Opunohu Bay, Moorea French Polinesia Lin and Fong (2008)
Cladphora vagabunda >5.4 61% WW Loading Estuarine Childs River Waquoit Bay, Massachusetts USA McClelland et al. (1997)
Cladophra cantenata >5.5 WWTP SE Estuarine South of Florida Bay USA Lapointe et al. (2004)
H. musciformis & U. fasciata 5.5–6.6 Basalt Kahana, West Maui USA This study
Multiple genera 5.9–7.0 Cesspools Sandy beach Keawakapu Beach Park and Wailea, South Maui USA This study
Cheatomorpha linum >6.0 WW Nearshore reef Negril Marine Park Jamaica Lapointe and Thacker (2002)
Multiple genera 6.0–12.0 SE, STE, PP Nearshore reef East of Central Florida USA Barlie (2004)
Ulva australis 6.1 Natural Nearshore reef Ocean Reef, Beenyup Australia Gartner et al. (2002)
Fucus vesiculosus 6.3 Natural Estuarine Oosterschelde Estuary The Netherlands Riera et al. (2000)
Multiple genera 6.1–6.9 Anthropogenic Sandy beach Makena, South Maui USA This study
Laurencia intricata >6.5 WWTP SE Estuarine South of Florida Bay USA Lapointe et al. (2004)
Vidalia sp. 6.5 Natural Nearshore reef Ocean Reef, Beenyup Australia Gartner et al. (2002)
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Macroalgae 6.7 Sewered Estuarine Valley Creek, Pennsylvania USA Steffy and Kilham (2004)
H. musciformis & U. fasciata 6.8 Sandy beach South Waipuilani Beach Park, South Maui USA This study
Vidalia sp. >7.0 13.5–23.5 2nd WWTP SE Nearshore reef Ocean Reef, Beenyup Australia Gartner et al. (2002)
Catenella nipae 7.1–8.6 SFE Estuarine Moreton Bay Australia Jones et al. (2001)
Enteromorpha sp. 7.3 Natural Estuarine Oosterschelde Estuary The Netherlands Riera et al. (2000)



>7.3 STE Juptier Creek
monitoring well #4



Southeast Florida USA Lapointe and Krupa (1995a)



H. musciformis & U. fasciata 6.5 WWTP Sandy beach West Kite Beach, North-central Maui USA This study
H. musciformis & U. fasciata 7.3–7.8 Anthropogenic Sandy beach Kaanapali, West Maui USA This study
Dictyota >8.0 Anthropogenic Nearshore reef Ishigaki Island Japan Umezawa et al. (2002)
Enteromorpha intestinalis 8.0–8.6 WWTP SE Nearshore reef Dakwan Taiwan Lin et al. (2007)
Fucus vesiculosus 8.0–10.5 24.0 WWTP SE 1994–1997 Estuarine Himmerjarden Bay, South of Stockholm Sweeden Savage and Elmgren (2004)
Fucus vesiculosus 8.0–13.0 38.0 BNR WWTP SE 1998–



2002
Estuarine Himmerjarden Bay, South of Stockholm Sweeden Savage and Elmgren (2004)



Gracilaria vermiculophylla 8.0–13.6 16.1 WWTP SE Coastal lagoon Southeastern Gulf of California Mexico Pinon-Gimate et al. (2009)
Multiple genera >8.0 WWTP SE Nearshore reef Southeast Florida USA Lapointe et al. (2005)
Multiple genera >8.0 SE Estuarine Town Harbor, Green Turtle Cay Commonwealth of



the Bahamas
Barlie and Lapointe (2005)



Padina sp. >8.0 Anthropogenic Nearshore reef Ishigaki Island Japan Umezawa et al. (2002)
Ulva lactuca >8.0 WWTP SE Estuarine South of Florida Bay USA Lapointe et al. (2004)
Enteromorpha sp. 8.5 61% WW Loading Estuarine Childs River Waquoit Bay, Massachusetts USA McClelland et al. (1997)
Ulva australis 8.8–12.8 13.5–23.5 2nd WWTP SE Nearshore reef Ocean Reef, Beenyup Australia Gartner et al. (2002)
Catenella nipae 9.0 WWTP SE Estuarine Brisban River, Moreton Bay Australia Costanzo et al. (2005)
Catenella nipae 9.0 WWTP SE Estuarine Pine River, Moreton Bay Australia Costanzo et al. (2005)
Vidalia sp. 9.3 13.5–23.5 Algae grown in 2nd



WWTP SE
Laboratory Experiment Ocean Reef, Beenyup Australia Gartner et al. (2002)



Ulva australis 9.3 13.5–23.5 Algae grown in 2nd
WWTP SE



Laboratory Experiment Ocean Reef, Beenyup Australia Gartner et al. (2002)



Ulva fasciata 9.8 Cesspools Rocky beach North Waiehu, North-central Maui USA This study
Enteromorpha sp. 9.9–11.9 Anthropogenic Estuarine Warnow System, Baltic Sea Germany Deutsch and Voss (2006)
H. musciformis & A. concinna 10.0 WWTP SE Basalt wall Kahului WWRF Resevoir, North-central Maui USA This study



>11.8 STE Tequesta monitoring
well #10



Southeast Florida USA Lapointe and Krupa (1995b)



Flimanetous algae 12.0–15.0 BNR WWTP SE Estuarine Caboolture River, Moreton Bay Australia Pitt et al. (2009)
12.0 Livestock farming Effluent sample Southeastern Gulf of California Mexico Pinon-Gimate et al. (2009)



Macroalgae 12.3 STE Estuarine Valley Creek, Pennsylvania USA Steffy and Kilham (2004)
Ulva sp. 12.6–13.5 Anthropogenic Estuarine Warnow System, Baltic Sea Germany Deutsch and Voss (2006)
Flimanetous algae 13.0–19.3 WWTP SE Estuarine Brisban River, Moreton Bay Australia Pitt et al. (2009)



13.0 Poultry farming Effluent sample Southeastern Gulf of California Mexico Pinon-Gimate et al. (2009)
Enteromorpha intestinalis 13.1–14.9 WWTP SE Nearshore reef Nanwan Taiwan Lin et al. (2007)
Flimanetous algae 15.0 BNR WWTP SE Estuarine Pine River, Moreton Bay Australia Pitt et al. (2009)
Ulva intestinalis 15.0 15.3–18.0 WWTP SE Estuarine Narragansett Bay, Rhode Island USA Thornber et al. (2008), Chaves (2004)
Catenella nipae 16.3–19.6 WWTP SE Estuarine Moreton Bay Australia Jones et al. (2001)
Flimanetous algae 17.0–19.0 BNR WWTP SE Estuarine Logan River, Moreton Bay Australia Pitt et al. (2009)
H. musciformis & U. fasciata 17.8 BNR WWTP SE Sandy beach Kalama Beach Park, South Maui USA This study



>19.5 STE Juptier Creek
Monitoring Well #5



Southeast Florida USA Lapointe and Krupa (1995a)



Ulva fasciata 22.3 BNR WWTP SE Basalt Kahului WWRF, North-central Maui USA This study
Hypnea musciformis 25.6 Algae grown in 20%



BNR WWTP SE
Laboratory Experiment Lahaina WWRF, Maui USA (Dailer and Smith,



submitted for publication)
Fucus vesiculosus 25.7 Anthropogenic Estuarine Scheldt River, Westerschelde Estuary The Netherlands Riera et al. (2000)
Ulva fasciata 30.3 Algae grown in 20%



BNR WWTP SE
Laboratory Experiment Lahaina WWRF, Maui USA (Dailer and Smith,



submitted for publication)
Ulva fasciata 34.7 BNR WWTP SE Sandy beach South Kahekili Beach Park, West Maui USA This study
Ulva fasciata 43.3 BNR WWTP SE Sandy beach North Kahekili Beach Park, West Maui USA This study
Ulva fasciata 50.1 BNR WWTP SE via



freshwater seep
Nearshore reef North Kahekili Beach Park, West Maui USA This study
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The distinct d15N value of N sources allows for source determi-
nation in the marine environment through algal bioassays (Cost-
anzo et al., 2005) despite the potential of isotopic fractionation
by algal metabolism. Although phytoplankton have demonstrated
strong isotopic preferences for 14N over 15N in N-rich conditions
(Pennock et al., 1996), experiments with the macroalga Enteromor-
pha intestinalis determined that both 14N and 15N were taken up in
N-rich conditions and this uptake was in proportion to the supply
provided in the experimental treatments (Cohen and Fong, 2005).
However if isotopic fractionation were to occur in algae under N-
rich conditions, their resulting d15N value (‰) may be lowered
by several parts per thousand and could possibly confound the
interpretation of the results (Waser et al., 1998; Cole et al.,
2004). In addition, the enzymatic process of N assimilation involv-
ing nitrate reductase may also affect algal d15N values (Mariotti
et al., 1982).



Increasingly the view that algae incorporate new N from their
environment with little to no isotopic fractionation or discrimina-
tion of source (anthropogenic or natural) is gaining support
(Gartner et al., 2002; Cohen and Fong, 2005) especially in tropical
settings where the natural sources of N are exceptionally low. Algal
d15N values are likely to represent the integration of all available
nitrogen sources over time scales of days to weeks. Such respon-
siveness allows for transplantation studies to determine the vari-
ety of N input into a coastline. For example, Costanzo et al.
(2005) determined that algae expressed higher d15N values in a
short time frame (�4 days) when collected from a natural area
and relocated to a sewage affected location. Over the past decade,
algal d15N values have increasingly been used in a variety of eco-
systems across the world to successfully discriminate between
anthropogenic and natural N sources and map the range of anthro-
pogenic impact on alongshore and nearshore–offshore gradients
(Lapointe, 1997; McClelland et al., 1997; France et al., 1998; Jones
et al., 2001; Gartner et al., 2002; Umezawa et al., 2002; Savage and
Elmgren, 2004; Steffy and Kilham, 2004; Barlie and Lapointe, 2005;
Deutsch and Voss, 2006; Lin et al., 2007; Thornber et al., 2008; Pitt
et al., 2009; Table 1). The values of d15N for algae growing directly
in front of sewage outfalls are often enriched with values ranging
from 8‰ to 19‰ (Costanzo et al., 2001; Jones et al., 2001; Gartner
et al., 2002; Barlie and Lapointe, 2005; Lin et al., 2007; Thornber
et al., 2008; Pitt et al., 2009). Currently the highest reported algal
d15N value is 25.7‰ from the heavily polluted (including sewage)
Scheldt Estuary in The Netherlands (Riera et al., 2000). Because
the process of denitrification releases N2 into the atmosphere,
some wastewater treatment plants use denitrification (in combina-
tion with nitrification) or Biological Nitrogen Removal (BNR) to re-
duce nitrogen levels in the wastewater (Wiesmann, 1994; Zumft,
1997). It is highly likely that facilities employing this method of
N removal produce wastewater effluent with highly enriched
d15N values.



Nuisance macroalgal blooms of Hypnea musciformis (Rhodo-
phyta) and Ulva fasciata (Chlorophyta) are problematic in shallow
coastal waters around many urbanized and agricultural regions
of Maui, Hawai‘i. Beaches in bloom areas are regularly covered
with extensive buildups of rotting algal biomass. In addition to
obvious ecological impacts, these nuisance algal blooms cost the
County of Maui $20 million US dollars annually as a result of
clean-up costs and lost revenue due to reduced property values
and occupancy rates in the city of Kihei alone (Van Beukering
and Cesar, 2004). Recent research has determined that accelerated
growth of H. musciformis and U. fasciata is driven by excess nutri-
ents (Dailer and Smith, submitted for publication). Because of the
proximity of the algal blooms to human population centers and
agricultural regions on Maui, we hypothesized that the blooms
are a result of sewage and agricultural pollution to shallow coastal
regions.


Please cite this article in press as: Dailer, M.L., et al. Using d15N values in alga
inputs on the island of Maui, Hawai‘i, USA. Mar. Pollut. Bull. (2010), doi:10.10


The Clean Water Act (CWA) (also referred to as the Federal
Water Pollution Control Act, 2002 as amended and codified at 33
U.S.C. Section 1251) is the primary federal law regulating anthro-
pogenic sources of water pollutants, including nutrients. The
CWA requires state water quality management and pollution con-
trol programs to have water quality goals (standards). The State of
Hawai‘i water quality standards include criteria related to algal
blooms expressed as numeric criteria for nutrients, turbidity, and
chlorophyll a and narrative criteria requiring that state waters be
free of substances attributable to domestic, industrial, or other
controllable sources of pollutants which produce undesirable
aquatic life. The State of Hawai‘i water quality standards for Class
AA marine waters includes the support and propagation marine
life, conservation of coral reefs, compatible recreation and aes-
thetic enjoyment (SH DOH, 2004). None of these goals are attained
when a coast is subjected to algal blooms. If water quality stan-
dards are not attained, the waters are considered impaired, and
the State of Hawai‘i Department of Health (SH DOH) and US EPA
are required to determine the Total Maximum Daily Load (TMDL)
for pollutants that are causing the impairment. A TMDL determines
the maximum pollutant mass from all sources combined that can
be discharged daily to a waterbody while still attaining water qual-
ity standards. A TMDL establishes a pollutant budget with waste-
load allocations for point sources, load allocations for nonpoint
sources; and a margin of safety.



TMDL = WLA + LA + MOS, where: WLA = wasteload allocation
for point sources, LA = load allocation for nonpoint sources and
MOS = margin of safety.



Through the determination of tissue d15N values of common al-
gae, this study aimed to (1) identify coastal regions of anthropo-
genic N enrichment on the island of Maui via an island-wide
coastline survey (2) use additional fine-scale surveys in identified
areas of concern to map the extent of anthropogenic N along the
coastline and (3) determine the extent of anthropogenic N across
the coral reef adjacent to the highest d15N values found. An addi-
tional goal of this study was to determine the amount of effluent
injected and corresponding nitrogen point source load estimates
for the County of Maui Wastewater Reclamation Facilities over
the past 11 years.


2. Study area



The island of Maui has a population of 143,574 (US Census Bureau
2008) and an annual visitor flux of approximately 2 million people
(2,089,738 in 2008 http://hawaii.gov/dbedt/info/visitor-stats/
ni-stats). The majority of the island remains in a relatively natural
undeveloped state (the northwest and eastern regions). Waste-
water on Maui is released primarily by underground disposal
through shallow injection wells and cesspools. An injection well
(IW) is a bored, drilled or driven shaft, or a dug hole, whose depth
is greater than its largest surface dimension; an improved sink-
hole; or a subsurface fluid distribution system used to discharge
fluids underground (Code of Federal Regulations Chapter 40 Part
144.3). Cesspools are underground regions used for the disposal
of human waste where untreated sewage is discharged directly
into the ground. Leakage from cesspools can contaminate oceans,
streams and groundwater by releasing disease causing pathogens
and nitrates (http://www.epa.gov/region/water/groundwater/uic-
hicesspools.html). Injection wells and cesspools are regulated by
the US EPA under the authority of the Underground Injection
Control (UIC) program, as provided by Part C of the Public Law
92-523, the Safe Drinking Water Act (SDWA) of 1974. The SH
DOH administers a separate UIC permitting program under state
authority. In addition, the SH DOH implements CWA water quality
management planning (which includes establishing water quality
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Table 2
Island-wide collection sites and sampling distribution of macroalgae (n = 3 per genus per site).



Region Collection site Ulva fasciata Asteronema breviarticulatum Hypnea musciformis Ahnfeltiopsis concinna



West Maui Honokawai N X X
Honokawai X X
Honokawai S X X
Honolua N X X
Honolua S X
Kaanapali N X
Kaanapali Acanthophora spicifera
Kaanapali S X X
Kahana N X X
Kahana S X X
Kahekili BP N X
Kahekili BP S
Kapalua E X X X
Kapalua W X
Lahaina Town N X
Lahaina Town S Acanthophora spicifera
Laniopoko N X X
Laniopoko X
Laniopoko S X X
Makahuna Gulch N X
Makahuna Gulch X
Makahuna Gulch S X
Mala N X X
Mala X
Mala S X X
Manuohule W X X
Manuohule X
Manuohule E X
Napili N X
Napili X X X
Napili S X
Olowalu N X
Olowalu X
Olowalu S X
Puumana N X
Puumana S X
Ukemehame N X
Ukemehame S Acanthophora spicifera
Waihikuli N X
Waihikuli X X
Waihikuli S X



Central Maui Baldwin E X
Baldwin X X
Baldwin W X
Hookipa BP E X X X
Hookipa BP X X
Hookipa BP W X
Kahului Harbor (break wall) X
Kahului Harbor X
Kahului N Acanthophora spicifera
Kahului S Acanthophora spicifera
Kahului WWTP X X
Kite Beach E X
Kite Beach X
Kite Beach W X
Maalaea 1 X X X
Maalaea 2 X X
Spreckelsville E X
Spreckelsville X X
Spreckelsville W X X
Sugar Beach- Kealia Pond NWR N X
Sugar Beach- Kealia Pond NWR S X
Sugar Beach X X
Tavares E X
Tavares W X
Waiehu N X
Waiehu S X



East Maui Blue Pool 1 X
Blue Pool 2 X
Haleakala NP 1 X X
Haleakala NP 2 X X X
Haleakala NP 3 X
Hana Bay 1 X X X
Hana Bay 2 X X



(continued on next page)
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Table 2 (continued)



Region Collection site Ulva fasciata Asteronema breviarticulatum Hypnea musciformis Ahnfeltiopsis concinna



Keanae Point E X
Keanae Point W X
Koki N X
Koki S X X
Nahiku 1 X
Nahiku 2 X
Nahiku 3 X
Venus Pools X
Wainapanapa 1 X X
Wainapanapa 2 X X



South Maui Ahihi Kinau X X
Central Kihei N (Kalama BP) X X
Central Kihei X
Central Kihei S X
La Perouse 1 E X X
La Perouse 2 X X
La Perouse 3 X
La Perouse 4 X
La Perouse 5 W X
Makena N X
Makena X X X
Makena S X X X
Keawakapu BP X X X
Wailea N X X X
Wailea S X X
Waipulani BP N X X
Waipulani BP X X
Waipulani BP S X X



Northwest Maui Honokohau X
Honokohau stream Cladophora sericea
Kahakuloa X
Punaha Gulch X
Punaha Gulch N X
Punaha Gulch S X X



Southeast Maui Arches 1 X
Arches 2 X
Big Kiawae 1 X
Big Kiawae 2 X
Kaupo 1 X X
Kaupo 2 X
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standards and performing TMDL studies) and holds the authority
for the National Pollutant Discharge Elimination System (NPDES)
permits in Hawai‘i.



Most of the residents on Maui live in three main towns (Kahul-
ui, Kihei and Lahaina) that are served by centralized regional sew-
age collection and treatment systems. The County of Maui operates
Wastewater Reclamation Facilities (WWRF) that use BNR followed
by disposal into Class V injection wells (Parabicoli, pers. comm.) in
Kihei (3 IWs), Kahului (8 IWs) and Lahaina (4 IWs). The majority of
the injected wastewater at the WWRFs does not receive disinfec-
tion treatments (e.g. chlorine or ultra-violet radiation), nor does
the SH DOH or US EPA require it at this time. The WWRFs are
the three largest wastewater sources on Maui. Many smaller towns
along the coastline adjacent to these major population centers use
cesspools for sewage disposal. SH DOH and US EPA databases indi-
cate that Maui has >6000 individual small septic or small cesspool
wastewater systems (including those in the areas of Waiehu, Wai-
hikuli and Maui Meadows) and more than 300 injection wells
including large capacity septic (93) and wastewater treatment
plants (59). Small individual sewage treatment plants with IWs
are located in Kahului, Makena and Ma’alaea. Ma’alaea, located
on the south-central coast, has one commercial and 12 condomin-
ium developments each with privately owned sewage treatment
facilities and IWs. Ma’alaea also has two direct discharges to sur-
face waters contributing low concentrations of N (from the Maui
Ocean Center and Maui Electric Company) that are authorized un-
der NPDES permits. Anthropogenic N loading on Maui also includes
fertilizers from extensive agricultural operations that occur in the
central portion of Maui between the north and south coast.


Please cite this article in press as: Dailer, M.L., et al. Using d15N values in alga
inputs on the island of Maui, Hawai‘i, USA. Mar. Pollut. Bull. (2010), doi:10.10


Kihei is a highly developed area in South Maui where algal
blooms have persisted for decades (Wiltse, US EPA, pers. comm.).
The extensive fringing reef adjacent to Kihei generally has poor
water circulation so nutrients entering the reef flat are likely to
have long residence times and/or be acquired by algae. In contrast,
the reef in the Kahekili Beach Park (BP) area (near the Lahaina
WWRF) lacks an extensive reef flat and generally has a persistent
current flowing to the south (Storlazzi and Field, 2008). The shal-
low forereef (approximately 1.5–10 m offshore) has had algae
blooms (primarily of U. fasciata) in the summers, when wave action
from the north is diminished (pers. obs.). This area also frequently
has bubbles of an unidentified gas flowing from the benthos and
warmer-than-ambient-water freshwater seeps. The seeps are con-
sistently present and are surrounded by rocks and coral rubble
with black precipitates. The black precipitate is likely iron oxide
which arises from anoxic conditions in the groundwater (Bhagat
et al., 2004). This reef is located within the Kahekili Herbivore Fish-
eries Management Area (HFMA) that was established on July 25th
2009 by the State of Hawai‘i, Department of Land and Natural Re-
sources, Division of Aquatic Resources (DAR) (http://hawaii.gov/
dlnr/dar/regulated_areas_maui.html). The Kahekili HFMA encom-
passes approximately 3.0 km of coastline and is now closed to
the taking of herbivorous fishes and sea urchins in efforts to restore
a healthy grazing population to combat excessive algal growth
associated with the decadal documentation of coral decline (SH
DLNR, 2006).



The SH DOH has reported to the US EPA and US Congress that
the water quality in several coastal segments of Maui in the vicin-
ity of the WWRFs, injection wells and injectate plumes are not
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meeting state water quality standards. Water quality impairments
reported for the Kahekili area were due to exceeded water quality
criteria for water column concentrations of Total Nitrogen (TN),
Chlorophyll a, and Ammonia (Honokowai Point to Kaanapali), To-
tal Phosphorous (TP) and turbidity (Honokowai BP) and turbidity
at Kahekili BP. In addition, 19 coastal segments along the devel-
oped Kihei coast and three coastal segments of Kahului Harbor
are currently listed as impaired for various combinations of pollu-
tants including TN, Nitrite–Nitrate, Ammonia, TP, Chlorophyll a
and turbidity. One segment of Kahului Harbor is listed as im-
paired due to exceedances of bacterial criteria (Entercoccci) (SH
DOH, 2006).



3. Material and methods



3.1. Island-wide coastline survey



In the summer of 2007, an island-wide survey of intertidal algal
d15N values from all accessible coastlines on Maui was conducted
to locate areas and potentially identify sources of anthropogenic
N enrichment. Maui has approximately 190 km of coastline with
the majority of the population residing in a few discrete regions
(Kahului, Waiehu, Kihei, Maalaea, Lahaina, Kaanapali, Kahana and
Napili). Survey intervals occurred every 1.5 km in populated areas
and every 8 km in unpopulated areas. Where possible, three sites
0.3 km apart were sampled per survey interval, intertidal macroal-
gae were sampled in triplicate per genera and two to three genera
were collected when possible (from 45 sites, Table 2, Fig. 1a–f). The
following macroalgae were collected during the survey: Acantho-


Fig. 1. Island-wide algal collection sites and associated average algal d15N values from th
southeast (f) regions of Maui. Injection well locations are represented by red triangles.
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phora spicifera, Ahnfeltiopsis concinna, Asteronema breviarticulatum,
Cladophora sericea, H. musciformis, and U. fasciata (Table 2). Using
this approach, a total of 116 sites and 516 samples were collected
around Maui; 21 km of coastline were inaccessible by foot due to
treacherous terrain.



3.2. Fine-scale mapping survey



This survey aimed to identify the presence of sewage N along
the coastline in areas with elevated d15N values and high recrea-
tional uses (Kahekili and Kalama BPs). All sampling occurred in
the intertidal zone; sites extended along approximately 1.2 km of
coastline centered on the highest d15N values found from the coast-
al survey (above) for Kahekili BP (near the Lahaina WWRF) and
Kalama BP (adjacent to the Kihei WWRF) (Fig. 2). Naturally occur-
ring, attached samples of U. fasciata were collected for d15N analy-
ses (in triplicate per site, n = 81 and 96 for Kahekili and Kalama BPs,
respectively) from sites approximately 100 m apart for the first five
sites in the north, then every 50 m for the remainder of the sites to
the south for Kihei; in Lahaina the last three southerly sites were
100 m apart (Fig. 2).



3.3. Mapping the Lahaina WWRF effluent plume with deployed algae



To determine the extent to which the effluent plume from the
Lahaina WWRF stretched across the adjacent coral reef, we em-
ployed an approach similar to Costanzo et al. (2001), however
we deployed samples of U. fasciata (n = 96 per deployment)
0.5 m from the benthos. In January 2009, 32 semi-permanent


e northwest (a), southwest (b), north-central (c), south-central (d), northeast (e) and
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Fig. 2. Fine-scale mapping survey collection sites of Ulva fasciata labeled from north to south for the Kahekili (A, 1–27) and Kalama (B, 1–32) Beach Park areas. (NAD 1983,
UTM Coordinate System, Quickbird� Imagery, 2007.)
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sites (Fig. 3) were installed spanning the entire coral reef adja-
cent to sites 16–27 (Fig. 2a). This area was chosen because of
our goal to examine the presence of the effluent on the coral reef
and the area to the north (sites 7–15, Fig. 2a) lacks coral reef for-
mation. To address the presence of effluent on the reef we in-
stalled six transects (T1–T6) each with four sites (A–D) at the
following depths (m): 1.5 (A), 2 (B), 3 (C) and 6 (D) (Fig. 3). An
additional eight sites (S1–S8) were installed in the shallow zone
containing warmer-than-ambient-freshwater seeps (at 1.5 m
depth) (Fig. 3). Samples of U. fasciata were first acclimated to
low nutrient seawater for seven days to deplete internal N stores
by housing individual samples in 1.0 L beakers with aeration
lines in water baths to prevent the seawater from heating and
the seawater was changed every two days. Acclimated samples
were then housed in 10 � 10 cm cages enclosed in plastic mesh
and attached to float lines hovering approximately 0.5 m from
the benthos. T3B was located directly over a warm freshwater
seep and an additional seep site (NS) was added in May to the
north of T2B. In collaboration with DAR, additional samples were
deployed at the island of Molokini, a State of Hawai‘i Natural
Area Reserve located offshore of south Maui, to observe changes
in algal d15N values when deployed in an area of low anthropo-
genic impact.


3.4. Algal sample preparation



Samples were prepared in triplicate per collection site (per
genus for the coastline survey) for tissue d15N analysis. For de-
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ployed samples, field and acclimated samples were prepared in
triplicate to obtain the initial and acclimated d15N values. Samples
were rinsed in deionized water, dried at 60 �C to a constant weight,
ground with mortar and pestle into a powder and sent for mass
spectrometer analysis to the Biogeochemical Stable Isotope Labo-
ratory, University of Hawai‘i at Mānoa, for tissue d15N determina-
tions. A small portion of the samples from the fine-scale
mapping survey were sent to the USGS Reston Stable Isotope Lab-
oratory, Reston Virginia. Samples were weighed then analyzed
with a Carlo Erba NC2500 Elemental Analyzer, Finnigan MAT ConF-
loII, and Finnigan MAT DeltaS. Ratios of 15N:14N were expressed
relative to atmospheric nitrogen and calculated as:



d15Nð‰Þ ¼ fðRsample=RstandardÞ � 1g � 103



where R = 15N/14N (Sweeney et al., 1978).



3.5. Statistical analyses



The island-wide survey contained 40 and 5 sites where two and
three genera were collected, respectively (Table 2). Additional col-
lections per site were made to determine if different genera ex-
pressed different d15N values from the same location, although
previous studies suggested that algal d15N values were not affected
by algal species or physiology (Umezawa et al., 2002; Derse et al.,
2007) and other studies have homogenized or used the mean d15N
of all collected algae per site with no explanation of potential
differences among genera (Steffy and Kilham, 2004; Barlie and
Lapointe, 2005). Correlations were performed among the d15N
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Fig. 4. Average Ulva fasciata d15N values from the fine-scale mapping surveys in the
areas of (A) Kahekili Beach Park (BP) and (B) Kalama BP; sites 11–25 encompass
Kalama BP (represented by the line). Significant differences are represented by
different letters.



Fig. 3. Algal deployment sites to determine the expansion of the Lahaina WWRF
effluent plume across the Kahekili area. (NAD 1983, UTM Coordinate System,
Quickbird� Imagery, 2007.)
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values of genera collected from the same sites to determine if the
values were representative (Moore and McCabe, 2002). The d15N
values of genera from the same site were significantly and strongly
correlated demonstrating the similarity of expressed values among
genera collected from the same site (see Section 4). All d15N values
of collected samples per site were pooled for subsequent analyses.
Data from the island-wide survey were normally distributed and
had unequal sample sizes per site (n) (because multiple genera
were collected from 45 sites). To determine if the d15N values were
significantly different between sites, data were analyzed with a
one-way ANOVA with the algal d15N value as the dependant vari-
able and site as the categorical factor. After a significant result
was determined (P < 0.00001), an Unequal n post hoc test was per-
formed to determine significance within sites.



Data from the fine-scale mapping surveys were normally dis-
tributed and the variances were homogeneous. These data were
analyzed with a one-way ANOVA with the algal d15N value as the
dependant variable and site as the categorical factor. When signif-
icant results were detected (P < 0.00001), Tukeys post hoc tests
were used to determine significant levels within factors. Data from
the deployed algal samples were not normally distributed and had
unequal sample sizes per site by the end of the deployments due to
unexpected wave events in which samples disintegrated. These
data were analyzed with a General Linear Model with Type III er-
ror, after a significant result (see below for results by deployment)
an Unequal n post hoc test was performed to determine signifi-
cance of algal d15N values within deployment sites and initial lev-
els (acclimated and field collected samples). All statistical tests
were performed with Satistica 6.0.
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3.6. GIS analysis Lahaina WWRF effluent plume



A Geographic Information System (GIS) was used to generate an
inverse weighted distance (IDW) algorithm of the algal d15N values
deployed at Kahekili BP in May. A Garmin GPS 76CS Plus was used
to obtain the GPS coordinates in WGS 84 of the algal deployment
sites. GPS points were converted to a grid in ARCGIS Spatial Ana-
lyst. The ESRI GRID modeled the presence of effluent and possible
effluent dispersion across the Kahekili reef using algal d15N values.
This dataset depicts the geographic distribution of the averaged
d15N value from 33 sample points in the nearshore and offshore
central reef in the Kahekili HFMA. This dataset: (1) only accounts
for surface area, (2) had a resolution of 1.33 m ESRI GRID and (3)
encompasses an area of approximately 194,334 m3.


3.7. County of Maui WWRF injection well nitrogen loading estimate



Annual water reuse and injectate rates provided by the County
of Maui, Department of Environmental Management, from 1997 to
2008 were used to determine order of magnitude Total Nitrogen
Load (TNL) estimates for the combined injectate of the Lahaina,
Kihei and Kahului WWRFs. Monthly average effluent flow rates,
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percent of effluent reuse and monthly average TN concentration for
the period from 2006 to 2008 were used to estimate the daily and
annual TNL of the wastewater injectate from the Lahaina, Kihei and
Kahului WWRFs. The ‘‘load” or mass of a chemical entering or leav-
ing an area is the product of the volume of water that the chemical
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Fig. 5. February through June 2009 average d15N values of Ulva fasciata for field, acclimat
are represented by different letters.



Please cite this article in press as: Dailer, M.L., et al. Using d15N values in alga
inputs on the island of Maui, Hawai‘i, USA. Mar. Pollut. Bull. (2010), doi:10.10


is using as its transport medium and the concentration of the
chemical in the water (Rice and Izuino, 1998):



LoadðmassÞ ¼ Concentration ðmass=volume or mass=massÞ
� flow ðvolume or massÞ ð1Þ
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Estimated daily TNL or mass flux was calculated with wastewa-
ter effluent TN concentration data and measured or estimated
injectate flow rates:



TNL (kg d�1) = [(N concentration, mg L�1) � (Flow rate, m3 d�1)]/
1000, where, kg d�1 = kilograms per day; mg L�1 = milligrams per
liter; m3 d�1 = cubic meters per day.



Wastewater treatment and pollution control programs in the US
typically express concentration in milligrams per liter (mg L�1),
volumetric flow rate in million gallons per day (106 gal d�1) and
pollutant loads in pounds per day (lbs d�1). Daily TNL estimates
were calculated with wastewater effluent TN concentration data
and measured or estimated injectate flow rates according to Rice
and Izuino (1998):



TNL (lbs d�1) = (N concentration, mg L�1) � (Flow rate, 106 gal
d�1) � 8.34, where 8.34 is the factor accounting for conversion from
metric (mg, L) to English (lbs, gal) units: 8.34 = mg L�1 �
0.001 g mg�1 � 0.002203 lbs g�1 � 3.785 L gal�1 � 106 gal d�1.


4. Results



4.1. Island-wide coastline survey



Multiple common genera from the major macroalgal divisions
were collected from 45 sites to determine if differences in d15N val-
ues occurred among algae from the same site. Differences (or var-
iability) of d15N values in algae at the same site could arise from
physiologically different nitrogen uptake rates and storage capaci-
ties (Wallentinus, 1984) and pigment complexes because phycobi-
lin pigments in the Division Rhodophyta require more nitrogen
atoms than other pigments (Graham and Wilcox, 2000). However,


Fig. 6. Inverse weighted distance algorithm (IDW) of the algal d15N values deployed at K
Geological Survey Orthoimagery, 2003.)
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strong (r close to 1.0) significant (P < 0.05) correlations were found
between pairs of all genera collected from the same locations (U.
fasciata d15N = 0.024 + 1.01* H. musciformis d15N, r = 0.97, n = 75;
U. fasciata d15N = 0.022 + 1.02* A. breviarticulatum d15N, r = 0.96,
n = 42; H. musciformis d15N = 1.09 + 0.809* A. breviarticulatum
d15N, r = 0.96, n = 24; A. breviarticulatum d15N = �0.030 + 0.913* A.
concinna d15N, r = 0.94, n = 19; H. musciformis d15N = �1.72 + 1.18*
A. concinna d15N, r = 0.99, n = 8). This revealed that the isotopic sig-
natures were representative of each other (Moore and McCabe,
2002) and the data from these sites were expressed as the average
algal d15N value. Average algal d15N values significantly varied by
site (F120,386 = 402.99, P < 0.00006). Generally, algae collected from
areas with low anthropogenic impact had low d15N values (Makah-
una Gulch, Manuohule, Ukemehame and La Perouse, Fig. 1b, d and
f). The lowest d15N values were found in algae collected from east
and southeast Maui, ranging from 0.009‰ to 1.62‰ (Wainanpapa
State Park, Kaupo, Kaenea Point, Nahiku, Blue Pool, Koki, Haleakala
National Park and Venus Pools; Fig. 1e). The highest average algal
d15N value within areas of low impact was from Arches in south-
east Maui at 4.02 ± 0.05‰. This value was significantly lower
(P < 0.004) than those of algae collected from sites adjacent to
the urban areas of Waiehu, Kahului, Kahului Harbor, Kite Beach,
Keawakapu BP, Wailea, Makena, South Waipuilani BP, and Kaana-
pali (Fig. 1 a, c, d and f).



The highest d15N values in this study were found among algae
collected adjacent to the County of Maui’s Wastewater Reclama-
tion Facilities (WWRF) at two sites in Lahaina (near Kahekili BP)
(35.7 ± 0.05‰ and 43.3 ± 0.08‰), Kahului (22.3 ± 0.97‰) and Kihei
(at Kalama BP) (17.8 ± 0.04‰) (Fig. 1a, c and d). These sites were
significantly different from each other and significantly higher
than all other sites (P < 0.00004). The d15N values of algae collected


ahekili Beach Park in May 2009. (NAD 1983, UTM Coordinate System, United States
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Fig. 7. 1997–2008 Calculations of annual influent (white bars), reused effluent
(black bars) and injected effluent (gray bars) for the Kahului, Kihei and Lahaina
Wastewater Reclamation Facilities (WWRF).
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adjacent to the Kahului WWRF reservoir and the residential area
of Waiehu with cesspools, were 10.0 ± 0.06‰ and 9.8 ± 0.08‰,
respectively, and were not significantly different from each other
but were significantly different from all other sites (P < 0.00004;
Fig. 1c). Algal blooms of H. musciformis and U. fasciata were ob-
served at most of the impacted sites (above); however, multiple al-
gal species were blooming at the Kahului WWRF, Kite Beach and
Keawakapu BP. Algal blooms were not observed in Makena where
sand is the dominant benthic substrate, which would prevent algae
from attaching to the benthos. In addition, massive algal blooms
(primarily of H. musciformis) were observed in central Maui across
the north coast from Spreckelsville to Hookipa BP which is adjacent
to extensive agricultural operations. The algal d15N values across
this region were low, ranging from 2.0‰ to 3.5‰ (Fig. 1c).



4.2. Fine-scale mapping survey



A significant effect of site was determined for the coastal
surveys in Kahekili (F26,57 = 2561.3, P < 0.00001) and Kihei (F31,64 =
616.83, P < 0.00001). The seven most northerly sites for the Kahek-
ili BP survey were located on Honokowai Point (directly adjacent to
the Lahaina WWRF) where a shallow (<0.5 m depth) intertidal re-
gion extends offshore for �100 m (Fig. 2). The algal d15N values
from these sites ranged from 5.0 ± 0.10‰ to 5.4 ± 0.08‰ which
were significantly lower than sites 9–27 to the south (P < 0.0002,
Fig. 4a). The algal d15N values from sites 9–27 increased to the
south, ranging from 7.8 ± 0.03‰ to 39.1 ± 0.06‰ with highly signif-
icant differences (P < 0.0002) between most collection sites
(Fig. 4a). Collections sites 12 through 27 were notably deeper
(�1.5 m) than sites 1–11 in the north, even though distance from
shore was unchanged. In Kihei, the algal d15N values from sites
1–3 (in the north) and site 32 (in the south) ranged from
5.9 ± 0.09‰ to 6.5 ± 0.03‰. These values were significantly lower
than sites 4 through 31 (P < 0.00015, Fig. 4b). The algal d15N values
increased towards Kalama BP (sites 11 through 25) at sites 4–8
(north to south) and 31–26 (south to north) ranging at these sites
from 9.0 ± 0.06‰ to 12.8 ± 0.10‰ (Fig. 4b). The highest algal d15N
values were found at sites 9 through 23 (centered on Kalama BP),
ranging from 15.0 ± 0.01‰ to 18.4 ± 0.02‰, which were signifi-
cantly higher than all other sites (P < 0.00015).



4.3. Mapping the Lahaina WWRF effluent plume with deployed algae



Every month for one week from February through June 2009,
acclimated samples of U. fasciata (n = 3 per site at 32 sites, 96 total)
were deployed at sites across the Kahekili area (Fig. 3). Over the
five month period, a total of 480 samples were deployed, however
only 344 samples were recovered, processed and analyzed for tis-
sue d15N due to unforeseen circumstances. Many samples were
subjected to large swell events that disintegrated the samples;
sites with only one recovered sample were not included in statis-
tical analyses. A significant effect of site was found for each
deployment (GLM ANOVA: February, F16,27 = 517.5, P < 0.0000;
March, F30,60 = 79.31, P < 0.0000; April, F24,36 = 105.88, P < 0.0000;
May, F27,47 = 144.67, P < 0.0000; June, F21,27 = 278.04, P < 0.0000).
Regardless of the deployment month, all samples deployed over
freshwater seeps drastically and significantly increased
(P < 0.0002) in tissue d15N values ranging across deployments from
lowest in March (33.1 ± 2.9‰) to the highest in May (50.1 ± 1.7‰)
(Fig. 5). Also across all deployments, significantly increased
(P < 0.02) algal d15N values were observed throughout the shallow
region (1.5–2.0 m, nearshore sites S1–S8 and Transect sites A and
B; Fig. 5). Significantly higher than initial tissue d15N values were
repeatedly found at T6A which is 345 m to the south of the fresh-
water seep site T3B (P < 0.0002, Fig. 5). In addition, the values from
algae deployed in the shallow sites to the south were consistently
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higher than those from S1 in the north (Fig. 5). The inverse
weighted distance (IDW) algorithm of the May deployment agrees
with the results above that the majority of the shallow region at
Kahekili is affected by the Lahaina WWRF effluent plume (Fig. 6).



The greatest number of samples was recovered in March when
conditions were calm throughout the entire duration of the
deployment. The February deployment had the least amount of
samples recovered due to a large storm that generated 1 m wind
swell. However, this was the only deployment where the d15N
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values of samples located �100 m offshore at �6 m depth (T6D,
T5D and T4D) significantly increased (P < 0.04) from initial values
(Fig. 5). In general, d15N values of samples at Transect sites C and
D (3–6 m depth) were increased but not significantly elevated from
initial values (with the exception of the February deployment)
(Fig. 5). Samples deployed at Molokini in May for seven days did
not change in d15N from their initial values (initial: 4.7 ± 0.06‰, fi-
nal: 4.4 ± 0.02‰, P = 0.75).


4.4. County of Maui WWRF injection well nitrogen loading estimate



In 2008, the average daily flows through injection wells for the
Lahaina, Kihei and Kahului WWRFs were 12,900, 9,600, and 16,800
m3 d�1 (or 3.4, 2.5 and 4.4 million gal d�1), respectively. From 1997
to 2008, over 3.78 million m3 (1.0 billion gal) of effluent was in-
jected per facility annually (with the exception of the Kihei WWRF
in 1999; Fig. 7). Over an 11 year period, the Lahaina, Kihei and Kah-
ului WWRFs combined have injected more than 193 million m3



(51 billion gal) of secondarily treated effluent. Assuming an
average TN effluent concentration of 7 mg L�1 for Lahaina and
Kihei, and 12 mg L�1 for Kahului (where there is less nitrogen
removal), an order of magnitude estimate of 1.74 million kilograms
(3.84 million lbs) of TN have also subsequently been injected. The
percentage of reused effluent over the same time frame for the
Lahaina, Kihei and Kahului WWRFs was 21%, 33% and 6%, respec-
tively (Fig. 7). From 2006 to 2008, the daily TNL of the Lahaina,
Kihei, and Kahului WWRFs injectate ranged from 79 to 97 kg
(174–215 lbs), 59–89 kg (131–196 lbs) and 174–207 kg (384–
457 lbs) of N d�1, respectively. The annual TNL of the Lahaina
WWRF injectate ranged from 28,873 to 35,530 kg (63,609–
78,274 lbs) of N yr�1. The annual TNL of the Kihei WWRF injectate
ranged from 21,676 to 32,525 kg (47,754–71,654 lbs) of N yr�1.
The annual TNL of the Kahului WWRF injectate ranged from
63,539 to 75,672 kg (139,978–166,705 lbs) of N yr�1. Our work
suggests that a substantial amount of this loading traveled to the
nearby coastal zones.


5. Discussion



Foliose and filamentous macroalgae are excellent indicators of
nitrogen sources in marine environments, because they (1) have
high nutrient uptake rates and therefore quickly respond to pulses
of nutrients (Wallentinus, 1984) (2) acquire and integrate all
sources of water column nutrients over extended periods of time
(Costanzo et al., 2005; Cohen and Fong, 2005; Lin and Fong, 2008),
(3) are attached to the benthos and therefore represent a specific
area and potential relationships with regional submarine ground-
water discharge, (4) are easily collected and prepared for analysis,
(5) require minimal cost and effort to perform analytical proce-
dures to determine d15N values and (6) can be collected from
one area and deployed in affected or control areas over minimal
time scales to examine dominant source(s) of N in the area.
Source identification through algal d15N values maybe compli-
cated with the presence of multiple nitrogen sources with distinct
signatures and biogeochemical processes that alter isotopic com-
position (Kendall, 1998). Although no algal specific evidence of
isotopic preference (fractionation) exists (Cohen and Fong,
2005), it is possible that algal d15N values may be lowered in N-
rich environments (Pennock et al., 1996). In addition, enzymatic
processes involving the assimilation of N may also lower the
d15N value as metabolism may show preference for lighter iso-
topes (Mariotti et al., 1982).



Despite these possible complications, algal d15N values have
been used globally to detect sources of anthropogenic N in coastal
environments. Gartner et al. (2002) document that (1) algal d15N
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values provide a useful means of tracing sewage that is more sen-
sitive than conventional methods and (2) d15N values of Ulva aus-
tralis reflect exposure to effluent in less than seven days (through
laboratory experiments with sewage effluent). In Taiwan, Lin
et al. (2007) document that algal d15N values successfully trace
sewage effluent year round and that this method is better at
detecting anthropogenic N loading than the tissue N contents
and C/N ratios. In all cases where algal tissue has been used to trace
sewage input into coastal environments, d15N values nearest sew-
age outfalls or treatment facilities are elevated relative to natural
background signatures. Further, the average algal d15N values re-
ported from sewage impacted areas from around the world range
from 4‰ to 25.7‰ (Table 1).



The algal d15N values from the Maui coastline survey ranged
from 0.009 to 43.3‰. With the exception of the values in close
proximity to the Lahaina WWRF (43.3 ± 0.08‰) all values were
within the range of globally reported algal d15N values from
respective impacted and background sites (Table 1). All surveys
and deployments in this study detected highly elevated algal
d15N signatures (17.8‰ to 50.1‰, Table 1) in areas proximal to
WWRFs with Class V sewage injection wells, demonstrating that
the injected effluent from the WWRFs in Lahaina, Kihei and Kahul-
ui flowed into the nearshore marine environment. In addition, the
Maui coastline survey revealed algal d15N values significantly high-
er than background levels ranging from 6‰ to 8‰ in coastal urban-
ized areas of Maui. These values compare well with those reported
for of anthropogenic N enrichment from across the world (Table 1).
Potential sources of N enrichment in these areas may include run-
off and/or groundwater pollution from the use of reclaimed water
for irrigation (e.g. Makena and Kaanapali golf courses) or leakage
from septic tanks and/or cesspools (e.g. Waiehu, Waihikuli and
Maui Meadows, Table 1).



Ma‘alaea is small coastal development adjacent to extensive
sugarcane fields with 12 secondary sewage injection wells ranging
in depth from 12.1 to 18.3 m and one that is 88.4 m. Substantial
declines in percent coral cover has occurred in this area from 50–
75% to 8% over the past decade (SH DLNR, 2006) as persistent algal
blooms of H. musciformis, U. fasciata and A. spicifera have prolifer-
ated. The combination of two distinct N sources (fertilizer and sew-
age N) complicates the interpretation of the expressed algal d15N
value because (1) the average of the two N sources may be ex-
pressed and/or (2) the probability of fractionation would increase,
assuming that the area is a N-rich environment, which would low-
er the d15N values (Kendall, 1998). Therefore, to understand the
changes in algal d15N values under these circumstances, further
experimentation of growing algae in a range of combinations of
sewage and fertilizer N (e.g. treatments of 5% fertilizer and 15%
sewage N and vice versa) with the same initial concentrations of
N species in both sources is needed to determine which source is
more prevalent in the Ma‘alaea area. Lastly, massive algal blooms
(primarily of H. musciformis) were observed during the study in
central Maui across the north coast from Spreckelsville to Hookipa
BP which is adjacent to extensive agricultural operations. The algal
d15N values across this region were low ranging from 2.0‰ to 3.5‰



supporting the view that agricultural N is driving that regional
bloom (Table 1).



Additional fine-scale mapping surveys along the coastline in
areas of high recreational uses and heavy algal d15N signatures at
Kahekili BP and Kalama BP revealed consistent results that waste-
water effluent was present in the coastal environment in both
areas of the WWRFs with Class V injection wells. Algal d15N values
from the fine-scale mapping survey in Kihei revealed a pattern that
confirms an effluent plume model generated by USGS (Hunt, 2006)
which predicts that the Kihei WWRF effluent plume spans 1 km of
coastline centered on Kalama BP, subsequently impacting less of
the coastal region to the north and south. Algal d15N values were
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significantly lower in the far north and south endpoints of the sur-
vey than those from the sites near Kalama BP, where significantly
elevated algal d15N values spanned �1 km of coastline.



Further, the fine-scale mapping of Kahekili BP shoreline identi-
fied the presence of effluent in the nearshore marine environment
slightly to the south of the Lahaina WWRF spanning at least 1.2 km
of coastline. Coral cover in this area has declined from 55% to 33%
over the past decade as algal (invasive and native) abundance in
the area has increased (SH DLNR, 2006). To combat increased algal
growth and subsequent coral decline in the Kahekili Herbivore
Fisheries Management Area (HFMA) was established where the
taking of herbivores is prohibited (http://hawaii.gov/dlnr/dar/
regulated_areas_maui.html). The algal d15N values from the sites
in the north, directly adjacent to the Lahaina WWRF on Honokowai
Point, in <0.5 m depth ranged from 5.0‰ to 5.4‰ which were sig-
nificantly lower than the values of algae collected from sites to the
south in �1.5 m depth even though distance from shore was un-
changed. The results from this survey determined that the plume
of effluent from the Lahaina WWRF flowed to the south of the facil-
ity, suggesting that the prominent landmass of Honokowai Point
could be diverting the effluent to the south.



To determine the extent of the Lahaina WWRF effluent plume
across the coral reef at Kahekili BP, we deployed samples of U. fas-
ciata at 32 sites spanning the area five times from February
through June 2009. Regardless of the month of deployment, all
samples deployed over freshwater seeps drastically and signifi-
cantly increased in d15N values (from�5.0‰ to 33.1–50.1‰). These
values currently represent the highest d15N values ever reported
from algal tissue; the highest value reported in the scientific liter-
ature is that of Fucus vesiculosus collected from the Scheldt River,
Westerschelde Estuary in The Netherlands, at 25.7‰ (Riera et al.,
2000; Table 1). The high d15N values from algal deployments were
higher than the values from algae grown in effluent from the Laha-
ina WWRF (Table 1). The increased difference in d15N values may
be attributable to further denitrification occurring as the effluent
is transported to the ocean and/or variability in the d15N values
of the effluent itself. Further rigorous testing of the Lahaina WWRF
effluent is needed to address the variability of the source d15N
value to determine if (1) the source values can be as high as those
observed in algal deployments and/or (2) further denitrification is
occurring during subterranean transport from the WWRF to the
ocean. Significant increases in algal d15N values were observed
throughout the nearshore shallow region including sites 345 m
to the south of the freshwater seeps, regardless of deployment.
These results confirm that the injected effluent from the Lahaina
WWRF is continuously flowing through the reef at Kahekili and
then subsequently flows to the south. The increased values to the
south are consistent with the findings from the fine-scale mapping
survey and research conducted by USGS of wind patterns, wave
activity and current direction, which found that the prevailing
nearshore current in this area flows from north to south (Storlazzi
and Field, 2008). A large storm generated 1 m wind swell during
the February deployment which was the only deployment where
the d15N values of samples located �100 m offshore at �6 m depth
significantly increased from initial values indicating that the efflu-
ent is detectable at these sites during large scale mixing events.
Generally, the d15N of samples deployed in 6 m depth were in-
creased but not significantly elevated from initial values. Because
the Lahaina WWRF effluent plume is freshwater and more buoyant
than saltwater, future studies will include additional deployments
of samples closer to the surface of the water at offshore sites to
determine if the plume extends �100 m offshore but remains
undetected at 6 m depth until large scale mixing events occur, such
as the storm in February 2009.



The evidence of sewage effluent from the Lahaina WWTP
encompassing the nearshore marine environment that is used for
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recreation potentially poses serious threats to human health be-
cause of the associated microbial (bacterial and viral) assemblages
normally found in sewage (Tree et al., 2003). Sewage effluent can
be successfully disinfected with ultraviolet light (UV, 254 nm) irra-
diation which kills more than 99% of coliform, fecal coliform, fecal
streptococci and heterotrophic bacteria (Oliver and Cosgrove,
1975). In 2008, the Lahaina WWRF processed an average of 3.4 mil-
lion gallons of effluent daily. This facility has the ability to disinfect
less than half of the effluent daily with UV radiation; the remaining
effluent is not disinfected and is directed to the injection wells. To
protect the public health and designated uses, including recrea-
tional use of this popular beach area, the Lahaina WWRF disinfec-
tion capacity should be upgraded to treat 100% of the injected
wastewater.



The deployment of algal tissue and subsequent nutrient and iso-
topic analysis to detect nutrient pollution was developed and first
used in Moreton Bay in 1997 (Costanzo et al., 2001). After the doc-
umentation of clear isotopic signals associated with sewage pollu-
tion, the public and governmental agencies expressed discontent in
response to the obvious signs of anthropogenic impact in the nitro-
gen limited western regions of the coastal embayment. This tech-
nique has established its value by guiding management decisions
in the region and providing essential timely feedback that captured
positive outcomes of capital investments, including the results
from progressively upgrading the wastewater treatment plants in
the area to reduce their N loads into Moreton Bay (Costanzo
et al., 2005; Pitt et al., 2009).



Sewage related problems on coral reefs have been documented
in Hawai‘i since the 1970’s when Maragos (1972) determined that
more than 99% of the coral in the south end of Kaneohe Bay, Oahu
died from anoxia and hydrogen sulfide toxicity as a result of trea-
ted sewage effluent disposal. Long term impacts of shallow water
sewage disposal set off decadal changes in Kaneohe Bay (Smith
et al., 1981). Kinsey (1985) later determined that bioeroder com-
munities increased in response to the sewage discharge. Ongoing
studies are determining if bioerosion is increased on the reef at
Kahekili in comparison to reference sites on the neighboring island
of Lanai. In Florida, high human density and associated wastewater
loadings were associated with elevated d15N values in harmful al-
gal blooms where the warm buoyant freshwater effluents dis-
charged from injection wells quickly went to the surface likely
affecting shallow mid and deep reefs (Lapointe et al., 2005). In
1996, the State of Florida 120 Administrative Hearing was held
to discuss anthropogenic nutrient loading in the Florida Keys,
where the hearing officer ruled that land-based nutrients pose a
threat to coral reefs and that improved wastewater treatment
and nutrient removal must be developed in the Keys. This led to
a governmental mandate for the Florida Keys to have central sew-
age collection and treatment including nutrient removal by July 1,
2010 (Risk et al., 2009).



Injection wells are regulated under the federal SDWA UIC Pro-
gram which controls the subsurface injection of waste fluids be-
low, into and above underground sources of drinking water. The
federal UIC permit conditions, are therefore, concerned with main-
taining well integrity and protecting underground sources of
drinking water from pollutant levels that would cause exceedances
of drinking water quality criteria. The federal UIC program does not
require wastewater treatment standards or any requirement re-
lated to the impacts of discharges to surface water quality and
aquatic resources, including coral reefs. Standards for effluent
and ambient water quality are required by the CWA, with the
objective ‘‘to restore and maintain the physical, chemical, and bio-
logical integrity of the Nation’s waters.” The CWA prohibits the dis-
charge of pollutants from point sources into ‘‘Waters of the US”
except in compliance with a NPDES permit, (nonpoint sources do
not require NPDES permits and agricultural runoff is specifically
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exempted from NPDES permitting). CWA Section 401 requires the
applicant for a federal permit that would conduct any activity that
may result in ‘‘any discharges into navigable waters” to obtain a
State certification that any discharge allowed by the federal permit
meets the technology based effluent standards, water quality stan-
dards, water quality based effluent limits, pre-treatment effluent
and toxic standards. Section 403 establishes specific guidelines
for NPDES discharges into territorial seas and waters of the contig-
uous zone (oceans), specifying that there be ‘‘no unreasonable deg-
radation of the marine environment”. NPDES permits implement
minimum wastewater treatment standards through the imposition
of technology based effluent limits with more restrictive water
quality based effluent limits if discharges meeting technology
based effluent limits might cause or contribute to exceedances of
surface water quality standards. These CWA requirements often re-
sult in more restrictive effluent limits (requiring more treatment
for pollutant removal) than would be required under a UIC permit.
For example, the Maui Ocean Center NPDES discharge is limited to
3.1 kg (7 lbs) d�1 of TN, and is subject to further reductions if
needed under a TMDL; whereas the County of Maui WWRF UIC
permits do not limit the mass discharge of nitrogen and currently
inject mass loads estimated to range from 79 to 207 kg (131–
457 lbs) d�1 of TN. Implementation of pollutant load reduction to
meet TMDL allocation is mandatory for discharges authorized un-
der NPDES permits, whereas attainment of allocations for other
sources, such as injection wells under federal UIC permits and per-
mit-exempted nonpoint sources, is implemented through volun-
tary and incentive based programs.



Although injection wells discharge pollutants and are consid-
ered point sources under the CWA (40 CFR Part 122.2), NPDES
permits have not typically been required because the definition
of ‘‘Waters of the US” under the CWA does not explicitly include
groundwater; jurisdiction has been based largely on the interpre-
tation of the term ‘‘navigable waters”. Recently a number of courts
have held that the NPDES permit requirements of the CWA
potentially apply even to the indirect discharge of a pollutant into
navigable waters where there is ‘‘a connection or link between
discharged pollutants and their addition to navigable waters” or
significant nexus between source and impact (Rapanos v. US, 547
US 715 (2006); Northern California River Watch v. City of
Healdsburg, 457 F.3d 1023, 496 F.3d 993 (9th Cir. 2007); http://
www.epa.gov/region/water/groundwater/uic-pdfs/lahaina02/Jeff_
SchwartzComments).


6. Implications



This work demonstrates the usefulness of algal d15N values to
distinguish between natural and anthropogenic derived N and to
identify the spatial extent of algal blooms that are incorporating
anthropogenic derived N sources. The method was identified as
an assessment tool with potential for use by the State of Hawai‘i’s
ongoing Integrated Water Quality Reporting to Congress (SH DOH,
2009). Perhaps more importantly from a management perspective,
this work provides a significant nexus between a wastewater
source injected into the groundwater and specific surface water
quality impacts that prevent the attainment of protected uses such
as the conservation of coral reefs and support of aquatic life. Given
recent court rulings, the establishment of this connection might
lead to a determination that injection wells should be required to
have NPDES permits in addition to UIC permits. NPDES permits
are mandated to include provisions not required under UIC permits
including water quality based limits, and compliance with TMDLs
and the ocean discharge criteria under CWA Section 403, whereas
the SDWA does not require the consideration of impacts to receiv-
ing water uses other than drinking water. Where there is signifi-
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cant nexus to navigable waters, governing authorities should
assure that any federal authorization to discharge wastewater,
including UIC permits, have a CWA Section 401 certification that
the permit conditions are in compliance with the requirements
for minimum treatment standards, water quality standards, and
water quality based effluent limitations where warranted. With
or without an NPDES permit, these releases are a source of nitrogen
loading that will be addressed by a TMDL in impaired waters
receiving injectate. Releases from injection wells, with or without
NPDES permits, cannot lawfully be allowed to cause or contribute
to violations of water quality standards, degradation of aquatic
ecosystems and non attainment of legally protected beneficial
uses.
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